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I . SUMMARY

T h e  n i n e  m o s t  c o m m o n  nesting b i rd  spec i e s  on  the t u n d r a  at

Prudhoe  B a y  c o n s i s t  o f  e i g h t  s h o r e b i r d s  a n d  o n e  p a s s e r i n e ,  t h e  Lapland

L o n g s p u r . S t u d i e s  o f  t h e  d i e t s  o f  t h e s e  s p e c i e s  a t  o t h e r  a r c t i c  t u n d r a

s i t e s  ( p r i n c i p a l l y  B a r r o w )  h a v e  s h o w n  t h a t  i n s e c t s  c o m p r i s e  t h e i r  p r i n -

c i p a l  p r e y  d u r i n g  t h e  b r e e d i n g  s e a s o n . D i e t s  d i f f e r  s o m e w h a t  among  s p e -

c i e s ,  b u t  t h e  r e l a t i v e l y  simple prey base at arctic sites results i n

b r o a d  d i e t  o v e r l a p . A l l  s p e c i e s  e x h i b i t  p r o n o u n c e d  seasonality i n  t h e i r

d i e t s ,  r e s p o n d i n g  t o  s e a s o n a l  v a r i a t i o n  i n  a v a i l a b i l i t y  o f  t h e i r  p r e y .

M o s t  s p e c i e s  rely o n  l a r v a e  o f  tipulid  a n d  c h i r o n o m i d  f l i e s  i n  J u n e ,

s w i t c h i n g  i n  J u l y  t o  e m e r g i n g  a d u l t s  o f  t h e s e  d i p t e r a n  familfes. I n

l a t e  summer , a f t e r  e m e r g e n c e  i s  conplete, m o s t  b i r d s  r e t u r n  t o  larval

d i p t e r a n s . S p i d e r s ,  b e e t l e s  a n d  o t h e r  i n s e c t s  a r e  o c c a s i o n a l l y  i m p o r -

t a n t . A  f e w  s p e c i e s  t a k e  b e r r i e s  a n d  p l a n t  s e e d s  b e f o r e  o r a f t e r  t h e

n e s t i n g  p e r i o d .

P o t e n t i a l  e f f e c t s  o f  Vest R o a d  o n  f o o d  s u p p l i e s  o f  t u n d r a  b i r d s

i n c l u d e  g r o s s  h a b i t a t  c h a n g e s  a s  w e l l  zs s u b t l e r  e f f e c t s  s u c h  a s  r o a d

dus t  and  changes  i n  snow me l t . . A s i d e  f r o m  g r a v e l  b u r i a l ,  t h e  m o s t  d r a s -

t i c  e f f e c t s  w i l l  i n v o l v e  d r a i n a g e  c h a n g e s  ( i m p o u n d m e n t s )  w h i c h  m a y  a l t e r

i n s e c t  s p e c i e s ,  d e n s i t i e s ,  seasonalit.y,  a n d  a v a i l a b i l i t y  t o  b i r d s . D u s t

a n d  r e s u l t a n t  s n o w  m e l t  c h a n g e s  m i g h t  a l t e r  v e g e t a t i o n  a n d  s o i l  t e x t u r e ,

cilemistry, a n d  m o i s t u r e , c h a n g i n g  t h e  e n v i r o n m e n t  o f  s o i l  i n v e r t e b r a t e s .

T h i s  c o u l d  cause s i m i l a r  b u t  l e s s  m a r k e d  c h a n g e s  i n  i n s e c t  s p e c i e s ,  d e n -

s i t i e s  a n d  phenology.

T u n d r a  b i r d  d e n s i t i e s  m a y  b e  l i m i t e d  b y  food ( i n s e c t  d e n s i t i e s )

o n  s e v e r a l  s c a l e s  o f  a r e a , f r o m  single t e r r i t o r i e s  t o  reSional s i t e s ,

b u t  t h e  l i m i t a t i o n  i s  p r o b a b l y  b a s e d  o n  zn zverage  o f  f o o d  d e n s i t i e s

o“<er s e v e r a l  yesrs. D i f f e r e n c e s  arno]:g  p o t e n t i a l l y  c o m p e t i n g  s p e c i e s  i n

s i te  phi~opatry bnd ;:nnual v a r i a b i l i t y  i n  nu:lbers CCi~pllC3tC?S  t h i s  (~U~s-

tion. S o m e  s t u d i e s  of s}lorebird  ecolgy on :;l~?”~fier  snd :/inter grounds

‘nave .su,ggested  t h a t  c o m p e t i t i o n  i s  rm;re  lrlporiant i n  ‘winter, :Ild that

b r e e d i n g  g r o u n d  r e s o u r c e s  are abundznt  ~ncl not  limitjng. T h i s  zpp-,rent

{~,;n~r,>diction  ~~n b e  r~~Gnci~ed  b y  cc:-l.sid(;]-ing  pcl>ulati(~n relzticil::~j;ps

L. L.._“eu~,:c-n su’-;-jer  znd w i n t e r ,  differcnctss In d~’~l:rsjlLy of .~?~:~~.?al  ~jr~~y

h~se, ~ad  d i f f e r e n c e s  i n  the nzture of pot,~ntial fo,>d limitation bi:ti:ccn



summer and winter . T h e  i s s u e  i s  c o m p l e x  a n d  n o t  e a s i l y  s o l v e d ,  but t h e

e v i d e n c e  s u g g e s t s  t h a t  f o o d  s u p p l i e s  a r e  i n v o l v e d  in s e t t i n g  l o c a l

b r e e d i n g  d e n s i t i e s  o n  t h e  t u n d r a .

I  d i s c u s s  f o u r  a p p r o a c h e s  t o  s t u d y i n g  t h e  e f f e c t s  o f  W e s t  R o a d  011

b i r d  d e n s i t i e s  t h r o u g h  c h a n g e s  i n  i n s e c t  d e n s i t i e s .  T w o  o f  t h e s e  a r e

m o r e  p r o m i s i n g  i n  t e r m s  o f  t i m e  a n d  e f f o r t  r e q u i r e d . A  r e s t r u c t u r e d

m o n i t o r i n g  o f  i n s e c t  d e n s i t i e s , w i t h  c o n t i n u e d  m o n i t o r i n g  o f  b i r d  d e n -

s i t i e s  a l o n g  W e s t  R o a d , i s  p a r t  o f  t h i s  d u a l  a p p r o a c h . S u p p l e m e n t i n g

t h i s , zn e x p e r i m e n t a l  m e a s u r e m e n t  o f  e f f e c t s  o f  l o w e r e d  i n s e c t  d e n s i t i e s

( t h r o u g h  increzsed  b i r d  d e n s i t y )  o n  c h i c k  g r o w t h  r a t e s  would f o c u s  o n  a

k e y  q u e s t i o n  o f  w h e t h e r  c h a n g e s  i n  i n s e c t  a b u n d a n c e  w i l l  d e c r e a s e  n e s t -

i n g  s u c c e s s .



I I . INTRODUCTION

W h a t  e f f e c t s  w i l l  Vest R o a d  h a v e  o n  t u n d r a

c h a n g e s  i n  t h e i r  f o o d  s u p p l i e s ? To a n s w e r  t h i s
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b i r d  p o p u l a t i o n s  t h r o u g h

b a s i c  q u e s t i o n  w e  m u s t

f o c u s  o n  t h r e e  s e p a r a t e  q u e s t i o n s : W h a t  a r e  t h e  i m p o r t a n t  f o o d  r e s o u r c -

e s  o f  t h e  m o s t  c o m m o n  t u n d r a  b i r d s  a t  Prudhoe  B a y ? W h a t  a r e  t h e  p r o b -

a b l e  ef~ects o f  W e s t  R o a d  o n  t h e s e  f o o d  r e s o u r c e s ? D o  f o o d  r e s o u r c e s

limit t u n d r a  b i r d  p o p u l a t i o n s , s u c h  t h a t  c h a n g e s  i n  f o o d  d e n s i t i e s  w i l l

p r o d u c e  c h a n g e s  i n  b i r d  d e n s i t i e s ? I n  t h i s  r e p o r t  I  w i l l  a d d r e s s  e a c h

o f  t h e s e  t o p i c s  a n d  d i s c u s s  s t u d i e s  which  c o u l d  fill r e l e v a n t  i n f o r m a -

t i o n  g a p s .  I  w i l l  p a y  p a r t i c u l a r  a t t e n t i o n  t o  t h e  q u e s t i o n  o f  f o o d  a s  a

r e s o u r c e  l i m i t i n g  b i r d  p o p u l a t i o n s , becsuse t h i s  i s  a t  t h e  hezrt o f  t h e

i n i t i a l  q u e s t i o n  p o s e d , znd ‘oeczl.]se  t h i s  i s  t h e  r,ost c o m p l e x  znd

d i f f i c u l t  t o  a n s w e r  o f  t h e  t h r e e  c o m p o n e n t  q u e s t i o n s . F i n a l l y  I  will

g i v e  m y  r e a s o n s  f o r  b e l i e v i n g  that t h e  p r i m a r y ,  m o s t  e a s i l y  m e a s u r e d

c h a n g e s  i n  b i r d  p o p u l a t i o n s  w i l l  a r i s e  f r o m  g r o s s  h a b i t a t  c h a n g e s ,  w h i c h

n e c e s s a r i l y  i n v o l v e  c h a n g e s  i n  Food s u p p l i e s . Ch=nges  t h r o u g h  efflects

o n  f o o d  s u p p l i e s  u n a c c o m p a n i e d  b y  g r o s s  h a b i t a t  c?~znges may a l s o  o c c u r ,

however , a n d  s t u d i e s  c a n  b e  Tocused  o n  t h e s e  e f f e c t s .

The Tundra  Avifzuna

A s  m e a s u r e d  b y  n e s t  d e n s i t i e s ,  t h e  t u n d r a  zvifauna  at Prudhoe  B a y  “

i s  d o m i n a t e d  b y  s e v e r a l  s p e c i e s

T.apland L o n g s p u r . From  d a t a  o f

and c o n t r o l  t r a n s e c t s  n e a r  W e s t
2

a b o v e  1 per  km a r e  i n c l u d e d  i n

o f  s h o r e b i r d s  a n d  o n e  p a s s e r i n e ,  t h e

Ti-ay a n d  J o h n s o n  ( 1 9 8 2 )  cm e x p e r i m e n t a l

Road  , a l l  9  s p e c i e s w i t h  n e s t  d e n s i t i e s

t h i s  g r o u p  ( s e e  Table 1 ) . T h e  1 9 8 1  r e -

s u l t s  c o m p a r e  f a i r l y  c l o s e l y  w i t h  t h e  m o s t  co~;mon  n e s t e r s  i n  1 9 7 1  a n d

1 9 7 2  on t h r e e  s t u d y  p l o t s  n e a r  ~r.;dhoe  Pay (!forton  et al 1 9 ’ / 5 ) . Tn b o t h

s t u d i e s  t h e  t h r e e  m o s t  abun~isnt r,!~sting s p e c i e s w,:re SemipaInated  S a n d -

p i p e r ,  R e d  Phalarope a n d  Lapland !.or-tgspur,  althou~h  t h e i r  r e l a t i v e  abun-

d a n c e s  difyered. Dunlin, Pector.21  S a n d p i p e r  ;,nd ‘~jrthern Fh~ltit-ope

forued  the next w e s t  ,Zburtriznt ~jn:.p i n  both  >$.odi-s. These rcslJlts

p r o b a b l y  zpply to most yezrs .znd ::ost s i t e s  zt Pi ::,;?poe Ehy. F o u r  e t h e r

s h o r e b i r d s  znd o n e  p a s s e r i n e  fiestted o n  s t u d y  trzr]:”ects in 1~81 at lo’.er

d e n s i t i e s , as d i d  seven species  fffjq ~t;.,(:r G],:’:ps, princip~lly f:.3ter-

rowl . (Troy  ~nd J o h n s o n  1!382). ?r:csuse o f  Lhe c, !Ui-’,;ho I!!.ing rtl~::,erical

do-nicance  o f  t h e  shorebirds  ~~d ~Fsserines i n  !.ile  :;LI;dy  zrca, ~rid be-
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c a u s e  t h e s e  s p e c i e s  g e n e r a l l y  s h a r e  a  s i m i l a r  r a n g e  o f  h a b i t a t s  a n d  rood

r e s o u r c e s , t h i s  r e p o r t  will c o n s i d e r  o n l y  t h o s e  s p e c i e s  i n  T a b l e  1.

T a b l e  1 . S p e c i e s  n e s t i n g  o n  Waterflood  P r o j e c t  b i r d  t r a n s e c t s ,  1981
( f r o m  T r o y  a n d  J o h n s o n  1 9 8 2 ) .

A. N e s t i n g  d e n s i t i e s  a b o v e  1  p e r  k m2

Lapland  L o n g s p u r Calcarius Iapponicus 1s.9 nests/km2— .

Semipalmated S a n d p i p e r Calidris pusilla 1 5 . 4.—

Red Phalarope Phalaropus  fulicarius 1 3 . 6

Dunlin

P e c t o r a l

N o r t h e r n

American

Calidris alpina 8 . 0

Ssndpiper C .  melanotos 5 . 4—

Phalarope Phalaropus  lobatus 2 . 4

G o l d e n  P l o v e r Pluvialis dominica 2 . 2——

B a i r d ’ s  Szndpiper Calidris b a i r d i i 1 . 9

B u f f - b r e a s t e d  S a n d p i p e r Tryngit.es  subruficolli~  1.3.—

B. R e l a t e d  s p e c i e s  n e s t i n g  a t  d e n s i t i e s  b e l o w  1  p e r  k m2

.—— ——

B l a c k - b e l l i e d  Plover Pluvialis squatarola—.————

Ruddy Turnstone A r e n a r i a  i n t e r p r e s_.—

L o n g – b i l l e d  Dowitcher Limnodromus  scolopaceus

S t i l t  Szndpiper Calidris himar?t~us——— _.—— .—

Snow ?inting plectrophenax  nivalis——.— —— —-

———— .—.— ————— ——.

2
O t h e r  nesting  s p e c i e s , all at densiti,:s beltiw 1  per km ,  include Arctic

I.oon, Cavia ai-ctica, R,~d..lijroat~d l,~on,  Cavia ~iel]:jt~,
_— L’b i t e - f ’ ron t cd————

Goose , lnser albifrons G?.c!squsw, cl~npula ~~2-~_i~, King Eider, ~c!?3-
——— ———— $ - . ——

teria spectabilis, Rock ?tarmi:an, LzQP2?2E&uE~ (?nd ?;rzsitic Jac~er,— .—_ .—___

Sterccr-YriL]s  ??rzsiticus.

—-. —— —...— --- . ——.—.—  ————— .-————-— ——. - —————.—-— .——. . -
—.—_—_ _ —————..— .— —— ——— - . -- —— ——



1 1 1 . FOODS

T y p e s  o f  I n f o r m a t i o n  A v a i l a b l e

D i e t  i n f o r m a t i o n  f o r  t u n d r a

5

OF TUNDRA BIRDS

b i r d s  i s  a v a i l a b l e  i n  a  v a r i e t y  o f

s o u r c e s  r a n g i n g  f r o m  o n e - s e n t e n c e  l i s t s  o f  f o o d  t y p e s  t o  d e t a i l e d  a n a l y -

s e s  o f  s t o m a c h  c o n t e n t s  o f  c o l l e c t e d  b i r d s . T h e s e  m a y  g i v e  r e s u l t s  a s

p e r c e n t  o f  b i o m a s s ,  p e r c e n t  b y  n u m b e r  o f  t o t a l  p r e y  i t e m s ,  frequencY  o f

o c c u r r e n c e  i n  s t o m a c h s  b a s e d  o n l y  o n  p r e s e n c e / a b s e n c e ,  o r  f r e q u e n c y  o f

o n l y  t h e  m o s t  c o m m o n  f o o d  i t e m s . S a m p l e s  a r e  s o m e t i m e s  s e p a r a t e l y  a n a -

l y z e d  b y  a g e  a n d  s e x ,  b y  h a b i t a t , b y  p e r i o d  w i t h i n  a  s e a s o n  ( b y  c a l e n d a r

d a t e s ,  b i r d  b r e e d i n g  phenology  o r  i n s e c t  p e n o l o g y ) ,  b y  y e a r  znd b y  g e o -

g r a p h i c  s i t e ; o r  a n y  o f  t h e s e  p o t e n t i a l  c a t e g o r i e s  m a y  b e  c o m b i n e d  a n d

o b s c u r e d . P r e y  i t e m s  m a y  b e  i d e n t i f i e d  t o  s p e c i e s  a n d  t o  s i z e ,  o r  t h e y

m a y  b e  l i s t e d  i n  g e n e r a l  t a x o n o m i c  c a t e g o r i e s ,  a s  f a m i l i e s  (tipulids),

o r d e r s  (dipterans), o r  e v e n  c l a s s e s  ( i n s e c t s ) . T h e  r e s u l t  i s  a  w i d e

v a r i a t i o n  i n  d e t a i l  a n d  r e l i a b i l i t y  among  s o u r c e s  o f  d i e t  i n f o r m a t i o n ,

w h i c h  I  w i l l  a t t e m p t  t o  s u m m a r i z e . T h i s  r e q u i r e s  droppjng  m u c h  o f  t h e

d e t a i l  i n  f a v o r  o f  e x t r a c t i n g  t h e  m o s t  r e l e v a n t  g e n e r a l i z a t i o n s  r e g a r d -

i n g  e a c h  s p e c i e s . S u c h  a n  a p p r o a c h  i s  a p p r o p r i a t e  bec=use s p e c i e s  d i e t s

v a r y  a c c o r d i n g  t o  t h e  a v a i l a b i l i t y  o f  p r e y : b i r d s  czn s e l e c t  o n l y  zmong  -

t h e  p r e y  i t e m s  l o c a l l y  availab~e. G r e a t  p r e c i s i o n  a n d  d e t a i l  p e r t a i n i n g

to o n e  p l a c e  znd t i m e  a r e  t h e r e f o r e  n o t  n o r m a l l y  t r a n s f e r a b l e  t o  other

s i t e s , although  t h e  ~eneral c o n c l u s i o n s  reg~rding  f o o d  types USU211Y

a r e .

T w o  f a m i l i e s  o f  i n s e c t s  w i t h i n  t h e  o r d e r  Diptera ( f l i e s )  w i l l  b e

m e n t i o n e d  r e p e a t e d l y  i n  th~se d i s c u s s i o n s : Tipulidze (vraneflieS) a r e

w i d e s p r e a d  o n  zrctic tzndra, o c c u r r i n g  i n  a  v a r i e t y  or ‘)pl~nd znd l o w -

l a n d  h a b i t a t s . S e v e r a l  s p e c i e s  v a r y  i n  s i z e , b u t  the >st conmon  spe-

arctica) a r et i e s  a t  Earrow and ?rudhoe  Bay (Tipula  c:=r~nifrc!n.s  =nf~ ‘v: _ _ _.___— .- —.. ..— — .--. —

q u i t e  lfir~e (wore t}lsn 1 0  mg d r y  ‘xeig’nt as larvae: t,-1.- e s  1266b,  Custer

znd ?itelka 1 9 ’ 1 8 ,  MacLean a n d  Ayres  1992). Their full .jrcwth  c y c l e

tzkes up to  4  yezrs  to c o m p l e t e . Chirono:-,il~s  (mid~cs) .>re sva]ler ( l e s s

t h a n  1  fig d r y  xei~;ht as larvae), ZCCI ~cctir i n  ~et h:;bi~.:ts :;uch ,ZS p o o l s

a]!d ed~es o f  stre;~ms =nd I,zgoons  t?-,rou~hout  tl:e ;+l-l:tic. ;;t:,,r ?,:rrow ~nd
n . . ..lprlti~,ljoe %y there nzy b e  25 s p e c i e s  o r  ifiore, zfid l i f e  CJcles ::;:~y Lzke u p



t o  s e v e n  y e a r s  t o  c o m p l e t e  ( B u t l e r  e t  a l  1 9 8 0 ) .  T h o r o u g h  d i s c u s s i o n s  o f

t h e  n a t u r a l  h i s t o r y  a n d  seasonality  o f  t h e s e  a n d  o t h e r  g r o u p s  o f  t u n d r a

inve r t eb ra t e s  c an  be  found  i n  MacLean  and  Pitelka ( 1 9 7 1 ) ,  M a c L e a n

(1980),  a n d  M a c L e a n  a n d  A y r e s  ( 1 9 8 2 ) .

S p e c i e s  a r e  t r e a t e d  b e l o w  i n  o r d e r  o f  n e s t i n g  d e n s i t y  i n  1 9 8 1 ,  a s

l i s t e d  i n  T a b l e  1 ,  b e g i n n i n g  w i t h  t h e  m o s t  a b u n d a n t  s p e c i e s .

L a p l a n d  Longspur.  - - - - T u n d r a  d i e t s  o f  t h i s  p a s s e r i n e  a t  B a r r o w

have b e e n  r e p o r t e d  i n  Custer a n d  Pitelka ( 1 9 7 7 ,  1 9 7 8 )  and Seastedt a n d

MacLean ( 1 9 7 9 ) . Secause the p r i n c i p a l  l a r g e  t u n d r a  a r t h r o p o d s  a t  Earrow

and at  Prudhoe  B a y  a r e  s i m i l a r  (MacLean 1 9 7 5 ,  1980, MacLe=n  a n d  AYres

1 9 8 2 )  w e  c a n  e x p e c t  Prudhoe  d i e t s  t o  be  s imi l a r  i n  tYPe  and  seasonalitY

t o  t h o s e  m e a s u r e d  a t  B a r r o w . A d u l t  longspurs  f e e d  p r i m a r i l y  o n  l a r v a l

i n s e c t s  i n  J u n e , s w i t c h i n g  t o  e m e r g i n g  a d u l t  i n s e c t s  i n  J u l y  w h e n  t h e s e

b e c o m e  a v a i l a b l e ,  a n d  r e t u r n i n g  t o  larval i n s e c t s  a f t e r  e m e r g e n c e  i s

c o m p l e t e  ( T a b l e  2 ) . O n  f i r s t  a r r i v a l  i n  l a t e  !<ay t h e  ttindra i s  m o s t l y

s n o w  c o v e r e d , a n d  longspurs  f o r a g e  o n  plant s e e d s  ( 7 4 % ) .  They s h i f t

b a c k  toward p l a n t  s e e d s  i n  A u g u s t  ( C u s t e r  a n d  Pitelka 1 9 7 8 ) ,  a  t r e n d

also su~gested  b y  t h e  c o n t e n t s  ( a l m o s t  e x c l u s i v e l y  s e e d s )  o f  t w o

s t o m a c h s  o f  juveniles e x a m i n e d  i n  A u g u s t  ( C o n n o r s ,  u n p u b l i s h e d )  frcm a

saltmarsh a r e a  n e a r  B a r r o w .



7

T a b l e  2 . Lapland L o n g s p u r  d i e t s  a t  B a r r o w . P e r c e n t  c o m p o s i t i o n  b y
w e i g h t .

A. A d u l t  d i e t s  ( C u s t e r  a n d  Pitelka 1 9 7 8 ) ,  n  = 1 7 4 .

J u n e J u n e J u n e J u l y July J u l y Aug Summer
1-10 11-20 21-30 1-1o 11-20 21-30 Aver2ge

L a r v a l 37% 62 34 9 3 13 6 23$

tipulids

A d u l t 3 0 4 68 69 14 2 23
tipulids

O t h e r 33 23 20 5 7 52 37 2 5
l a r v a l  i n s e c t s

O t h e r  a d u l t  1 8 12 28 12 20 14 8 16
i n s e c t s ,  s p i d e r s

B. N e s t l i n g  d i e t s  (Sesstedt and HacJ.ean  1 9 7 9 )

— —.— ——. —

L a r v a l  tipulids 25%

A d u l t  tipulids 44

Other d i p t e r a 10

O t h e r  i n s e c t s 15

S p i d e r s 6



. F o o d  f e d  t o  n e s t l i n g s  c o n s i s t e d  o f  t h e  s a m e  a r t h r o p o d  t a x o n o m i c

c a t e g o r i e s : AImost  7 0 %  o f  t h e  b i o m a s s  c o n s i s t e d  o f  l a r v a e  a n d  a d u l t s  o f

tipulid f l i e s , w i t h  o t h e r  i n s e c t s  a n d  s p i d e r s  c o m p r i s i n g  t h e  r e m a i n d e r

o f  t h e  n e s t l i n g  d i e t .

L o n g s p u r  d i e t s  f r o m  b r e e d i n g  g r o u n d s  m o r e  r e m o t e  f r o m  P r u d h o e  B a y

h a v e  a l s o  b e e n  r e p o r t e d , a n d  t h e  r e s u l t s  d o  n o t  d i f f e r  i m p o r t a n t l y  f r o m

t h e  B a r r o w  s t u d i e s . T w o  o f  t h e s e  r e p o r t  t h a t  s e e d s  c o m p r i s e d  a b o u t  h a l f

t h e  d i e t ,  b u t  b i r d s  w e r e  c o l l e c t e d  t h r o u g h o u t  t h e  s u m m e r  i n  t h e s e  s t u d -

i e s :  t h e  a v e r a g e d  r e s u l t s  m a y  ref~ect t h e  s p r i n g  o r  l a t e  summer  u s e  o f

s e e d s  mezsured a t  B a r r o w . A t  C a p e  T h o m p s o n  i n  1?60 animal matter in 90

longspur  s t o m a c h s  c o n s i s t e d  o f  b e e t l e s ,  flies, o t h e r  i n s e c t s  a n d  s p i d e r s

( W i l l i a m s o n  1 9 6 8 ) . N e s t l i n g s  w e r e  f e d  o n l y  animal m a t t e r ,  a s  a t  B a r r o w .

G a b r i e l s o n  ( 1 9 2 4 ) ,  r e p o r t e d  t h e  c o n t e n t s  o f  5 6  s t o m a c h s  o f  Lapland Long-

s p u r s  f r o m  A l a s k a  a n d  N o r t h e r n  C a n a d a  b r e e d i n g  g r o u n d s . F l i e s , m o s t l y

tipulids, were t h e  m a i n  a n i m a l  p r e y  i t e m s ,  b u t  b e e t l e s ,  o t h e r  i n s e c t s

znd s p i d e r s  w e r e  a l s o  tzken f r e q u e n t l y ,  i n  addition t o  s e e d s .

T i m i n g  o f  longspur  n e s t i n g  d i f f e r s  fi-ol~ that o f  s h o r e b i r d s .

Longspurs  h a v e  a  s h o r t e r  i n c u b a t i o n  p e r i o d , z:,d t h e i r  y o u n g  h a t c h  a  w e e k

o r  m o r e  before  m o s t  s h o r e b i r d s  ( H o l m e s  and F’it?lka 1 9 6 8 ,  W i l l i a m s o n

1 9 6 8 ,  MacLean 1 9 6 9 ,  C u s t e r  a n d  Pitelka 1 9 7 7 ) . T h e  y o u n g  a r e  altricial,

s t a y i n g  a t  o r  n e a r  t h e  n e s t , w h e r e  t h e y  a r e  F,d by  t h e  xlults, u n t i l

t h e y  f l e d g e . S h o r e b i r d  y o u n g  a r e  precocial, hishly m o b i l e  and able t o

f o r a g e  f o r  t h e i r  o w n  f o o d  w i t h i n  2 4  h o u r s  o f  hstching. A l l  t h e s e  spec-

ies a r e  v e r y  s y n c h r o n o u s  i n  t i m i n g  o f  t h e i r  n,?sting,  p r o b a b l y  i n  r e -

s p o n s e  to the ~arrow sezsonality  o f  ?rey ~bljr,(l;+llce  Ilpon  which they d e -

p e n d ,  w h i t ’ n  i s  in t u r n  s e t  b y  f a c t o r s  o f  cl;’-.;te i n  t h e  b r i e f  a r c t i c

su~finer  ( H o l m e s  ;+nd Pitelka 1 9 6 8 ,  KacLean and ?~telka 1 9 7 1 ,  Custer and

P i t e l k a  lY’/7, 19’/8). H o l m e s  and  Pitelka (l~(,fi)  znd K=cLean :,nd ?itelka

(19’~1)  b;lleve ~,l>at .shor~bird  b r e e d i n g  i s  ~~ ..d so t’r?~t b:;tci]i~g f)CCl.JI-S

a t  t h e  b~~inning of the pesk o f  adult it-,vect :l::r~ence,  providing  a n

e a s i l y  c>d~ht ~i”l?y f o r  f o r a g i n g  c h i c k s . Si]ojlsrly, C u s t e r  and Pitelka

( 1 9 7 7 )  su--~.tiest ;;hat longspur  h a t c h i n g  occurs ,.tirlicr s o  t h e  young  reach

it;?cptindr-nl;? ;;:oi.le adult i n s e c t s  sre zbi:f;>::,t. ;.s :Icstlinss, t}; +2 y  (le-

perfd  cn :,t’jlts ..,;]0 can si]cceSSfUlly  forz:e For 1::1-v21 in::=cts b e f o r e

insect &lJlt c:fiergcnce. T h i s  suEgcsts tl,zt t:r”xly indepcfident  y o u n g  re-

quire tkje +zsily c:+pttired adult instct :r~~y; ccvdiiion and ti:njng  o f



f o o d  s u p p l i e s  d u r i n g  t h i s  p e r i o d  m a y  b e  c r i t i c a l  t o  longspur  s u c c e s s .

Earked c h a n g e s  i n  i n s e c t  phenology  d u e  t o  e f f e c t s  o f  Nest R o a d  o n  local

s n o w  melt c o u l d  a l t e r  t h e  s u c c e s s  o f  longspur  ( o r  s h o r e b i r d )  Y o u n g  i f

t h e s e  s p e c i e s  c a n n o t  a d j u s t  t h e i r  n e s t i n g  s c h e d u l e s  a c c o r d i n g l y .

Semipalmated S a n d p i p e r .  - - - - T h e  m o s t  e x t e n s i v e  d i e t  i n f o r m a t i o n

f o r  t h i s  s p e c i e s  a n d  f o r  t h r e e  o t h e r  s a n d p i p e r s  orI our  list c o m e s  f r o m

Holmes znd Pitelkars ( 1 9 6 8 )  s t u d y  a t  B a r r o w . T h e y  c o l l e c t e d  a  t o t a l  o f

6 9 4  adult and 3 7 2  y o u n g  s a n d p i p e r s  o f  f o u r  s p e c i e s  o v e r  a  p e r i o d  o f  fiVe

summers. T h e y  a n a l y z e d  t h i s  ~ass o f  d a t a  b y  t e n  o r  f i f t e e n  day p e r i o d s ,

e n a b l i n g  t h e m  t o  t r a c k  s e a s o n a l  c h a n g e s  i n  s p e c i e s  d i e t s  a v e r a g e d  o v e r

f i v e  y e a r s  a t  o n e  s i t e . T h e y  c o n c l u d e d  t h a t  a l l  f o u r  s p e c i e s  f e e d  a l -

m o s t  e x c l u s i v e l y  o n  i n s e c t s ; t h a t  seasonzl t r e n d s  i n  t h e i r  d i e t s  r e s u l t

p r i m a r i l y  f r o m  phenology  o f  i n s e c t  a v a i l a b i l i t y ;  a n d  t h a t  all f o u r  sPe-

c i e s  o v e r l a p  b r o a d l y  i n  s u m m e r  d i e t s . I m p l i c a t i o n s  o f  t h e s e  c o n c l u s i o n s

w i l l  b e  d i s c u s s e d  i n  s u b s e q u e n t  s e c t i o n s  o f  t h i s  r e p o r t .

F o r  Semipalmated S a n d p i p e r s ,  chironornids  ( m i d g e s )  a r e  t h e  m o s t

i m p o r t a n t  p r e y  t h r o u g h o u t  t h e  s e a s o n  (Table 3 ) . D u r i n g  J u n e ,  t h s e  z=nd-

p i p e r s  f o r a g e  h e a v i l y  o n  chironomid  l a r v a e  i n  m u d d y  m a r g i n s  o f  pools,

l a k e s , s t r e a m s  a n d  l a g o o n s . D u r i n g  J u l y  Sdult  chironc:nids  e m e r g e  =bun-

dantly  i n  t h e s e  h a b i t a t s  a n d  c o m p r i s e  t h e  bulk  of Se]nlpalmated S a n d p i p e r

d i e t s . A s  e m e r g e n c e  d i m i n i s h e s  i n  m i d  t o  l a t e  J u l y ,  t:he b i r d s  s w i t c h

b a c k  t o  chironomid  l a r v a e . O t h e r  p r e y  tzken i n  s m a l l e r  n u m b e r s  i n c l u d e

tipulid l a r v a e  and a d u l t s ,  s p i d e r s  znd b e e t l e s .

Y o u n g  sar,dpipers  f o r a g e  o n  t h e  s“,;;,e prey, begir,ning  with z,Jult

chironomids  a f t e r  h a t c h i n g  i n  e a r l y  t o  ::,id  July, znd s:~itciling t o  lzr~:je

in  l a t e  Ju ly  and  early A u g u s t . A t  t h i s  t i m e  nzny youn~  b i r d s  m o v e  i n t o

co,~stal ~]-eas, ~oraging o n  mudflats, sal~.]ria]-she.s, and ~-,dges o f  slc~lJihs

and  lagocns pri,,r to f a l l  m i g r a t i o n . s’- . “)s o f  s i x  bit-ds  collecicc! i n(!2(..

t h e s e  habitats t Bzrrow znd a t  Lcnely, Al~s!<a  contajn~d pr-i:-.arily ci~ir-

onomid  larvae ((d%), b u t  also h e l d  oli~~cbaet.e w o r m s  (17Z) and chircno-

m i d  adl]lts (3$) (Connors  and l?isebr-~ugh  11j76, 1~’1’1).

,- .  .,,.,~io~ ~p,-~:-n t,},e c:<:s’~i=j-nT h e  Earr:;w r e s u l t s figree w i t h  d i e t  i!..~.t ..:..

C>n~dian a r c t i c  (Fsker  1 9 7 7 )  where a s.z:’:ple o f  33 bjrds (collect.cd ]c&in-

ly i n  J u n e )  contairied cbironomid  lsr~’ae ( 6 [ 1 % ) , ~;jidcrs  (23$)  :,nd  ::’~!all

~.?<~~>.~ts o f  Z,~7JPI.~1 otjh~r catp~ories, 17,Gs~.ly  ?n sects. “~~”je .yc~::. i ;?z 1 y:,:, ‘~,~d
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Tab le  3 . D i e t s  o f  Semipalmated S a n d p i p e r s  a t  Barrow ( f r o m  Holmes a n d
Pitelka 1 9 6 8 ) . P e r c e n t  c o m p o s i t i o n  b y  n u m b e r  o f  i t e m s .

A. A d u l t s ,  n = 6 0

J u n e J u n e J u n e J u l y J u l y July J u n e - J u l y
1-10 11-20 2 1 - 3 0 1-1o 11-20 21-30 A v e r a g e

A d u l t
c h i r o n o m i d s o% 4 2 76 35 0 20%
GUlt
tipulids o 0 ’ 0 14 11 0 4
L a r v a l
chironomids 52 50 85 5 49 87 55
T.arval
tipulids 13 17 9 0 3 0 7
Adult
S p i d e r s 16 18 2 1 3 10 8
Adult
B e e t l e s 12 12 3 8 4 4 7

B. Young, n=39

——.—

July J u l y J u l y J u l y  3 1  –
1-20

July-Aug.
11-20 2 1 - 3 0 Aug. 14 Averzge

A d u l t
chii-onomids 84% 56 5 3 37%
L a r v a l
chironomids o 4 81 88 }+ 3—.—_
A d u l t
S p i d e r s 4 16 1— . 4 6
Adult—
Eleetles 10 13 6 1—.—— 8

..—— ————  _—.- --- . ._._ ___ _ __
_-—-_ —



S a n d p i p e r  i s  t h e  s m a l l e s t  o f  t h e  s h o r e b i r d s  n e s t i n g  a t  Prudhoe  B a y ,  a n d

b o t h  Holmes a n d  Pitelka ( 1 9 6 8 )  and Baker  ( 1 9 7 3 )  found d i f f e r e n c e s  i n

s i z e s  o f  p r e y  s e l e c t e d  b y  t h i s  s p e c i e s  c o m p a r e d  t o  o t h e r  sympatric

s h o r e b i r d s . Semipalmated  S a n d p i p e r s  t a k e  s m a l l e r  p r e y  o n  a v e r a g e  buk

t h e  l a c k  o f  d i v e r s i t y  i n  i t s  d i e t  a n d  i n  t h o s e  o f  p o t e n t i a l  c o m p e t i t o r s

s t i l l  r e s u l t s  i n  b r o a d l y  o v e r l a p p i n g  d i e t s  a m o n g  t h e s e  s p e c i e s .

R e d  Phalarope. - - - - S e v e r a l  o b s e r v e r s  h a v e  r e p o r t e d  t u n d r a  f o o d s

o f  t h i s  s p e c i e s , znd almost a l l  o b s e r v a t i o n s  i n d i c a t e  t h a t  i n s e c t s ,  p r i -

m a r i l y  c h i r o n o m i d s , c o n s t i t u t e  t h e  b u l k  o f  t h e  d i e t . D u r i n g  m o s t  o f  t h e

y e a r  R e d  Phalaropes  f e e d  o n  marine zooplankton,  znd nzny o f  t h e  t u n d r a

p o n d s  w h e r e  t h e y  n e s t  c o n t a i n  s i m i l a r - s i z e d  f r e s h w a t e r  zooplznkton,  b u t

t h e s e  i t e m s  h a v e  b e e n  f o u n d  i n  s t o m a c h s  o n l y  i n f r e q u e n t l y  (Sergman et al

1 9 7 7 ,  Kistchinski a n d  Chernov 1 9 7 3 ) .  T h i s  m a y  b e  i n  p a r t  b e c a u s e  t h e

s o f t - b o d i e d  zooplankton  zre d i g e s t e d  m u c h  m o r e  q u i c k l y  t h a n  i n s e c t s

(Dodson a n d  E g g e r  1 9 8 0 ) , b u t  m o s t  o b s e r v a t i o n s  o f  t u n d r a  foreging adults

a n d  c h i c k s  i n d i c a t e  t h e y  c e r t a i n l y  d o  p r e y  h e a v i l y  o n  chironornid  a d u l t s

tzksn f r o m  v e g e t a t i o n  a t  t h e  b o r d e r s  o f  pools.

T h e  m o s t  d e t a i l e d  s u m m e r  d i e t  data a r e  f r o m  Earrow and t h e  n o r t h -

ern Chukotski P e n i n s u l a ,  S i b e r i a  ( T a b l e  4 ) .

___ ———— —— —..—_..—————

Table 4 . D i e t s  o f  R e d  Phalaropes.

E!arrow, J u n e - J u l y  1 9 6 5 - 1 9 6 9 ,  n . 5 6 . D;ta of S*J. t . !~c l . can ,  J r .  ,  summar ized
i n  T r a c y  znd Schamel ( 1 9 8 1 ) .

N .  C}-!ukotski  P e n i n s u l a ,  S i b e r i a ,  J u n e - J u l y  1 9 7 0 ,  n.41. From Kistcl}i.nski
a n d  C h e r n o v  ( 1 9 7 3 ) .

Ear-row———_ _
L a r v a l  tipulids 56$

ldul.t tipulids 1
Larval chironc’fiids 10
Adult  ch~rfinemids 16
Beetles 6
O t h e r  ~nsects 8
Other: s p i d e r ,
ztoopl~n’kton,  etc. 1

Chukot.ski—-——— .— .——
12%

3
17
41
14
10

3
.— .—— __________ ..——. .— .——.—

.— — ——..—
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T h e y  s h o w  t h e  g r e a t e s t  d e p e n d e n c e  o n  chironomids,  and  a t  Ba r row,  larval

tipulids. B o t h  s e t s  o f  d a t a  a r e  a v e r a g e s  o v e r  t h e  b r e e d i n g  s e a s o n ,  a n d

o b s c u r e  t h e  i n e v i t a b l e  seasonality  i n  d i e t s  i n  r e s p o n s e  t o  seasonalitY

o f  a v a i l a b l e  p r e y . D i f f e r e n c e s  i n  s e a s o n a l  c o m p o s i t i o n  o f  t h e  b i r d  s a m -

p l e s  m a y  a c c o u n t  f o r  s o m e  o f  t h e  g r e a t e s t  d i f f e r e n c e s  bet~een t h e  s a m -

p l e s . Manniche ( 1 9 1 0 )  f o u n d  p r i n c i p a l l y  a d u l t s  a n d  l a r v a e  o f  g n a t s

( p r o b a b l y  chironomids)  i n  s t omachs  o f  Red  ?halaropes d u r i n g  t h e  b r e e d i n g

s e a s o n  i n  n o r t h e a s t  G r e e n l a n d , a n d  M a y f i e l d  ( 1 9 7 8 )  reports spiders and

chironomids  i n  t h e  stcmach s  o f  t h i s  s p e c i e s  b r e e d i n g  o n  Esthurst Islznd

i n  t h e  C a n a d i a n  a r c t i c . E’e s t a t e s  t h a t  zdults  t o o k  m a i n l y  chironomid

l a r v a e  i n  t h e  e a r l y  b r e e d i n g  s e a s o n ,  s w i t c h i n g  t o  a l m o s t  e x c l u s i v e l y

c h i r o n o m i d  a d u l t s  w h e n  t h e s e  e m e r g e d  i n  J u l y . Y o u n g  phalaropes Szthered

a d u l t  m i d g e s  a t  p o n d  e d g e s .

A f t e r  b r e e d i n g ,  f e m a l e s  b e g i n  s o u t h w a r d  m i g r a t i o n  f r o m  t h e  t u n d r a

i n  l a t e  J u n e  znd early J u l y . A d u l t  males f r e q u e n t l y  m o v e  t o  c o a s t a l  l a -

g o o n s ,  saltmarsh pools, ant= s h o r e l i n e s  i n  l a t e  J u l y  and e a r l y  A u g u s t

( C o n n o r s  e t  a l  1979). F l e d g e d  juveniles f l o c k  a l o n g  o c e a n  a n d  l a g o o n

s h o r e l i n e s , n e a r  s l o u g h s , a n d  i n  saltmarsh  p o o l s . D i e t s  n e a r  Zzrrow  i n -

c l u d e  s o m e  chironomid  a d u l t s , b u t  c o n s i s t  p r i n c i p a l l y  o f  a  w i d e  v a r i e t y

o f  zooplankton  (calanoid copepods,  zmphipods, euphausiids, dec~pod  z o e a ,

chaetognaths; C o n n o r s  and Risebrough  1 9 7 6 ,  1 9 7 7 ,  1 9 7 8 :  Connors et al

1982). At Simpson Lagoon, j u v e n i l e  phalsropes  f e d  o n  amphipods,  cope-

p o d s  and mysid  s h r i m p  ( J o h n s o n  1 9 7 8 ) .

Dunlin. D i e t s  o f  t h i s  s p e c i e s  ‘nzve  been s t u d i e d  e x t e n s i v e l y ,

p r i n c i p a l l y  n e a r  B a r r o w , I n  J u n e  znd Ac.gust  t h e y  p r e y  rjost i-icavily o n

tipulid l a r v a e  o n  t h e  d r i e r  p o r t i o n s  o f  ccsstal t u n d r a ,  b u t  i n  J u l y  t h e y

f e e d  o n  cnergizg  adult tipulids  i n  these hzbitats snd move  t o  m::r-:”.inie.r

srezs w i t h  their c h i c k s  t,o fe?d o n  e,~lcr~ing sdults znd larvae {.,f l:}liron-

cmids (T+ble 5 : HoImes l?66b,  Holmes znd ?itelka 1968). Szta in Tzble

5  show  these ~.zrked sezsonal  chzn~es i n  d i e t s  o f  b o t h  zdult  znd young

b i r d s . T h e  ir,;ortance o f  rhironmids  i n  C:unlin  diets i s  c~;>~~~~r:~ted  b y

these fi~ures, xhich  zrc p?rccnt  by rj)~:nbcr  o f  prey itcns. ~;,~,~n  cr;:;~~r-

tal to percent  o f  biorJ2ss, t h e  sr,all s i z e  o f  chironc,~fiids relaii~e t o

tipulids  r e s u l t s  i n  a  decrease  in t h e i r  ir-,plied ir:portznce. F o r  exz,a-

ple, ~ 8 c}-jir~::o:did e,.::.~c:.cnt ~n ‘T~bled~~ring t:ic J!Jly 21—30 period  ‘the ,(JP
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T a b l e  5 . D i e t s  o f  Dunlin  at B a r r o w . P e r c e n t  c o m p o s i t i o n  b y  n u m b e r  o f
i t e m s . From Holmes (1966b).

A. A d u l t s ,  n=364.

J u n e
1-1o

J u n e
11-20

81

J u n e
2 1 - 3 0

65

July
1-1o

8

July J u l y
1 1 - 2 0  2 1 - 3 0

8 9

July 31 Au g Summer
.4ug 1 4  1 5 - 2 9  A v e r a g e

15 51 39%L a r v a l ’71%
tipulids

17 8 0 0 8Adult o
tipulids

o 0 40

61 74 78 41 36L a r v a l 7
chironomids

3 3 24

1 0 4~dulij o
chironomids

o 0 21 7 5

Eeetles 1 1 10

4

18

10

6

2

5 4

2 1

3 6 8

1 1 4O t h e r 8
insects

B. J u v e n i l e s ,  1259-1!?63,  n=181.

—

L a r v a l 1 2 0 4 4 2
tipulids

:.dult 26 29 11 1 0 13
tipulids

J.arval o 26 35 83 93 47
chircnamids

Adult 63 30 15 1 0 22
chirGnonids

Eeetles, o t h e r  i n s e t ! . s 6 5 18 10 1 8

.. ———  — ._ —______ _______ ——— .-. . _—. _— ———. ——. . .— ———
— -. ..—____ .—.—
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5 r e p r e s e n t s  less t h a n  10% o f  t h e  b i o m a s s  o f  t h e  d i e t  f o r  t h a t  p e r i o d .

On  a  b iomass  ba s i s , Dunlins f o r a g i n g  o n  t h e  t u n d r a  d e p e n d  h e a v i l y  o n

tipulids,  e i t h e r  l a r v a e  o r  a d u l t s ,  t h r o u g h o u t  t h e  s u m m e r .

A  s a m p l e  o f  2 9  Dunlin  collected  o n  t h e  t u n d r a  n e a r  C h u r c h i l l ,

M a n i t o b a  o v e r  t h r e e  s u m m e r s  also fed more h e a v i l y  o n  tipulid  l a r v a e  t h a n

o n  o t h e r  p r e y  ( B a k e r  1 9 7 7 ) .  At a n o t h e r  A l a s k a n  s i t e ,  Kolomak R i v e r  i n

the Yukon-Kuskokwim Delta, H o l m e s  ( 1 9 7 0 )  a n a l y z e d  s t o m a c h s  o f  1 3 1  a d u l t

Dunlin o v e r  t h r e e  s u m m e r s  a n d  f o u n d  m u c h  h e a v i e r  d e p e n d e n c e  o n  chirono-

m i d s  than a t  B a r r o w . A t  KoIomak, Dunlin n e s t  i n  a n  e x t e n s i v e  mzrsh,

w i t h  l e s s  upland (tipulid) h a b i t a t  than a t  B a r r o w ,  b u t  w i t h  v e r y  h i g h

d e n s i t i e s  o f  chironomids. Dunlin d i e t s  cons i s t ed  o f  85% >nd S O %  chiron-

omid l a r v a e  e a r l y  a n d  l a t e  i n  t h e  b r e e d i n g  s e a s o n ,  w i t h  a  s w i t c h  t o  1 1 %

chironomid l a r v a e  a n d  5 0 %  chironomid  adults in inid-season  d u r i n g  i’nsect

emergence .

I n  A u g u s t  a n d  S e p t e m b e r , m a n y  Dunlin r e m a i n  o n  t h e  tuadra, a s  i n -

d i c a t e d  by T a b l e  5 ,  b u t  o t h e r s ,  zdults a n d  j u v e n i l e s ,  forage i n  l i t t o r a l

zreas. I n  saltmarshes, o n  mudflats, a n d  a t  e d g e s  o f  s l o u g h s  znd la-

goons,  t h e s e  b i r d s  p r e y  p r e d o m i n a n t l y  o n  chiro.nomid  l a r v a e . I n  s e v e n

zdults znd 2 8  juveniles c o l l e c t e d  i n  l a t e  surrner-  i n  t h e s e  h a b i t a t s  a t

coastal s i t e s  f r o m  C a p e  P r i n c e  o f  h~ales t o  L o n e l y ,  A l a s k a ,  2 7  b i r d s

(’77X)  c o n t a i n e d  almost e n t i r e l y  chirQnomid  l a r v a e .  T h e  remai:]der c o n -

t a i n e d  amphipods, i s o p o d s ,  euphzusii(is, b e e t l e s ,  oligochaetes znd s e e d s

( C o n n o r s  a n d  R i s e b r o u g h  1 9 7 6 ,  1 9 7 7 ,  1 9 7 8 ,  1 9 7 9 ) .  S o m e  b i r d s  =lSO forage

o n  b e a c h e s ,  t a k i n g  a  v a r i e t y  o f  c r u s t a c e a n s .
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T a b l e  6 . D i e t s  o f  a d u l t  P e c t o r a l  S a n d p i p e r s  a t  B a r r o w ,  n=204. From

H o l m e s  a n d  Pitelka ( 1 9 6 8 ) . P e r c e n t  b y  n u m b e r  o f  i t e m s .

J u n e J u n e
1-1o 11-20

L a r v a l 73% 80
tipulids

A d u l t o 0
t i p u l i d s

Larval 8 4
chironomids

A d u l t o 0
chironomids

O t h e r 19 14
i n s e c t s

J u n e J u l y J u l y
2 1 - 3 0 1-1o 11-20

66 9 9

0 45 16

3 30 61

0 27 6

31 7 6

J u l y JUIY  3 1  summer
21-30 A u g  14 A v e r a g e

10 16 38%

7 2 10

75 80 37

4 1 5

4 1 12

___—

Y o u n g  P e c t o r a l  S a n d p i p e r s  a l s o  h a v e  d i e t s  s i m i l a r  t o  y o u n g  Dunlin

( H o l m e s  a n d  Pitelka 1968). F r o m  a  sample o f  1 3 0  b i r d s  c o l l e c t e d  o v e r

f i ve  summers , d i e t s  c o n s i s t e d  p r i m a r i l y  o f  a d u l t  tipulids and chir~no-  -

m i d s  i n  J u l y  a f t e r  h a t c h i n g ,  s h i f t i n g  p r i m a r i l y  t o  chironomjid  lar~=e in .

l a te  July a n d  A u g u s t . Tipulid  l a r v a e  were i m p o r t a n t  o n l y  in ~arlY

A u g u s t .

N o r t h e r n  PhaIarcpe.  ––-– A v a i l a b l e  d i e t  i n f o r m a t i o n  for Ll)is s p e -— .—

t i e s  i s  n o t  as e x t e n s i v e  a s  for t h e  R e d  Phalarope,  b u t  their p r e y  s~:em

to be s i m i l a r . C~,iro~~mid  larvae and emerging a d u l t s  were “,C w e s t  f r e -

q u e n t  p r e y  i n  Can~ta (Baker 1 9 7 7 )  a n d  i n  Finl,and [Hilden ~~~ ‘~uo~~:~to

1972). At Churchill, !~anitcba, 2 4  b i r d s  i~ad fed on adult 1“”-olj{\’:ids

(45% by nlcxber) lT,;-’.I::1  chirononi dS ( . ? 1 % )  beetle >[~ults .=[Id ~ ~ ‘{:.? (?d%)

znd adult tipulicis (:%). T1-jree aciults c o l l e c t e d  o n  breedi .; ,:rt,drfds

n e a r  Czpe Krusenst,ern, A l a s k a  i n  ezrly Jtine a l l  ccntained i:::uct i::rts,

pl’im=rily chironGmid larvae znd cdults ( C o n n o r s ,  Ijnpublic!.,:d)  . T n [: c,m–

non with other  s h o r e b i r d s , t h e  c h i c k s  ;7ust  d e p e n d  i n i t i a l l y  cn : .I:]-::ing

zdult i n s e c t s ,  i:a~nl~ chiroriomifis, ~’nich zre c:sily tzken Y, C.X Lhe z.lur-

f a c e  o f  v e g e t a t i o n . After f l e d g i n g , ~uvenile  Kori.hcrns ::c”~e to ::il(~rc-

line ~rc=s zs dcs(;ri?.,,d for ;fid Fh=l:,rcp,:s; di(~t,s in ‘chc:;e  l.-:Lit:,Ls
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s h i f t  t o  m a r i n e  a n d  b r a c k i s h  w a t e r  p l a n k t o n  ( C o n n o r s ,  u n p u b l i s h e d ) .

A m e r i c a n  G o l d e n  P l o v e r . – – – -  N o  d e t a i l e d  a n a l y s e s  o f  d i e t  h a v e

b e e n  p u b l i s h e d  f o r  t h i s  s p e c i e s  o n  a r c t i c  A l a s k a n  b r e e d i n g  g r o u n d s ,  but

s e v e r a l  s c a t t e r e d  o b s e r v a t i o n s  i n d i c a t e  t h a t ,  a s  w i t h  t h e  o t h e r  s h o r e -

b i r d s ,  i n s e c t s  a r e  t h e  p r i n c i p a l  p r e y . T h e  d i e t  p r o b a b l y  d o e s  c o n t r a s t

w i t h  t h a t  o f  s a n d p i p e r s ,  h o w e v e r , s i n c e  t h i s  s p e c i e s  i s  m o r e  r e s t r i c t e d

t o  t h e  d r i e r , m o r e  s p a r s e l y  v e g e t a t e d  u p l a n d  t u n d r a . B e n t  ( 1 9 2 7 )  r e -

p o r t s  t h a t  Hantzsch f o u n d  t h e m  e a t i n g  b e e t l e s  a n d  c a t e r p i l l a r s  o n  Baffin

Islznd i n  C a n a d a , a n d  s e v e r a l  o b s e r v e r s  h a v e  noted t h a t  b e r r i e s  o f

Empetrum  and Vaccinium a r e  t a k e n  o n  b r e e d i n g  g r o u n d s . O n  t h e  Pribilof

I s l a n d s ,  Preble a n d  M c A t e e  ( 1 9 2 3 )  f o u n d  mainly b e e t l e s ,  w i t h  s o m e  f l i e s

a n d  o t h e r  i n s e c t s ,  a s  w e l l  a s  s e e d s ,  i n  t w o  s t o m a c h s .

O n  P r u d h o e  Bzy t u n d r a , tipulid l a r v a e  m a y  b e  i m p o r t a n t  t o  t h i s

s p e c i e s  also. T h e  s i m i l a r  G o l d e n  Plover (Pluvialis apricaria)  o f  n o r t h -

e r n  E u r o p e  f e d  p r i n c i p a l l y  o n  larvae of tipulids a n d  o t h e r  d i p t e r a n s

( 5 0 %  o f  b i o m a s s  o f  a n i m a l  p r e y )  and on  sdult b e e t l e s  (33%)  and l a r v a l

bee t l e s  ( 7 % )  i n  N o r w a y , w h e r e  Byrkjedal  ( 1 9 8 0 )  e x a m i n e d  1 0 1  s t o m a c h s .

I n  Hay a n d  A u g u s t ,  E m p e t r u m  berri~s cG’cprised a b o u t  30% and 4 0 %  o f  t h e  -

t o t a l  d i e t , b u t  i n  J u n e  a n d  J u l y  t h e y  “.;ere  not  tzken. Amer i can  Go lden

P l o v e r s  a t  C h u r c h i l l , Ksnitoba  (Eaker 1977)  had fed On berries, dipteran

l a r v a e , s n a i l s  a n d  a d u l t  b e e t l e s . In !.ugust, j u v e n i l e  A m e r i c a n  G o l d e n

P l o v e r s  n e a r  Kotzebue  S o u n d ,  AIaska, Feed i n  saltmarshes a s  welI a s  o n

t u n d r a ,  t a k i n g  chironomid  l a r v a e  and  bel-ries ( C o n n o r s  a n d  C o n n o r s  1982),

b u t  slong  t h e  E!ezufort  coast  t h e y  rcvr,: n  i n  t h e  drier turl(~ra l]abit.~ts

( C o n n o r s  e t  a l  1 9 7 9 ) .
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lembolids ( s p r i n g t a i l s )  i n  late J u l y  a n d  A u g u s t .

Table 7 . D i e t s  o f  a d u l t  B a i r d f s  S a n d p i p e r s  a t  B a r r o w ,  n = 6 6 .  F r o m  Holmes
a n d  Pitelka ( 1 9 6 8 ) . P e r  c e n t  b y  n u m b e r  o f  i t e m s .

J u n e J u n e J u n e J u l y J u l y J u l y  July 31 Summer
1-10 11 –20 21-30 1-1o 11-20 21-30 Aug 1 4 A v e r a g e

L a r v a l 34% 56 40 22 8 0 0 23%
tipulids

Adult 0 0 4 9 16 17 4 7
tipulids

L a r v a l 53 23 5 17 7 36 36 25
chironomids

A d u l t 0 0 16 37 ~8 20 23 21
chironomids

B e e t l e s 7 17 7 3 20 20 37 16

S p i d e r s o 4 8 3 6 8 0 4

-—— —.——

Buff–breasteq  S a n d p i p e r .  ––-– !io d i e t  ~nalyses h a v e  b e e n  p u b l i s h -

e d  f o r  t h i s  s p e c i e s  o n  b r e e d i n g  g r o u n d s . !ic,..; ever , i t s  m o d e  o f  f o r a g i n g

( s u r f a c e  p e c k s  o n  v e g e t a t i o n  snd d r y  g r o u n d )  and i t s  n e s t i n g  h a b i t a t

( d r y ,  u p l a n d  t u n d r a )  s u g g e s t  t h e s e  p r e y :  tipulid  l a r v a e  a n d  ( i n  July)

a d u l t s ,  b e e t l e s ,  a n d  s p i d e r s . Chironomids are p r o b a b l y  l e s s  i m p o r t a n t

to t h i s  s p e c i e s , altl>ugh  c h i c k s  may p r e y  o n  them h e a v i l y  at t i m e s .

D i e t s  of t h e  jcmaining four shorcbirels  =nd o n e  p a s s e r i n e  l i s t e d

i n  T a b l e  1 a s  ;,esting a t  l o w  d e n s i t i e s  o n  the stl]dy area are less w e l l

known  than sev:.ral o f  the cc-,mon  s p e c i e s  =li-~~dy  d i s c u s s e d . All evi-
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Sound and a t  Barrow, c o n t a i n e d  88$ chironomid  larvae (n=13;  C o n n o r s ,  u n -

p u b l i s h e d ) . D u r i n g  t h e  b r e e d i n g  s e a s o n  o n  t u n d r a  t h e i r  d i e t s  m a y  b e

m o r e  d i v e r s e . S n o w  B u n t i n g s  t a k e  a  r a n g e  o f  i n s e c t s  a n d  p l a n t  s e e d s

s i m i l a r  t o  L a p l a n d  L o n g s p u r  d i e t s  (Parmalee  1 9 6 8 ) .

T h e  o b v i o u s  c o n c l u s i o n  f r o m  t h e s e  d i e t  s t u d i e s  i s  t h i s :  m o n i t o r -

i n g  p o p u l a t i o n s  o f  only tipulid  a n d  chironomid  f l i e s  will p r o v i d e  a

m e a n i n g f u l  a s s e s s m e n t  o f  f o o d  c o n d i t i o n s  f o r  a l m o s t  a l l  t h e  m o s t  c o m m o n

spec i e s  o f  t he  t und ra  b i rd  commun i ty  nea r  Wes t  Road . A d d i n g  adult beet-

les t o  t h i s  l i s t  w o u l d  p r o b a b l y  c o v e r  the m o s t  upland  a n d  m o s t  d i s t i n c -

t i v e  forsgers,  t h e  G o l d e n  Plover a n d  ( p e r h a p s )  Suff-brezsted  S a n d p i p e r ,

a s  w e l l . T h i s  e x t r e m e  l a c k  o f  d i v e r s i t y  i n  d i e t s  o f  t h e  n i n e  m o s t  c o m -

m o n  s p e c i e s  i n  a  c o m m u n i t y  i s  u n u s u a l  coinpared  w i t h  t e m p e r a t e  a n d  t r o p i -

c a l  a r e a s ; i t  a f f o r d s  t h e  p o s s i b i l i t y  o f  r e l a t i v e l y  easily m o n i t o r i n g

f o o d  r e s o u r c e s  f o r  m o s t  o f  t h e  t u n d r a  a v i a n  c o m m u n i t y .
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IV. POSSIBLE EFFECTS OF WEST ROAD ON FOOD SUPPLIES

W e s t  R o a d  a n d  i t s  a s s o c i a t e d  d i s t u r b a n c e s  h a v e

a f f e c t  p o p u l a t i o n s  o f  i n s e c t s  u p o n  w h i c h  t u n d r a  b i r d s

OF TUNDRA BIRDS.

t h e  p o t e n t i a l  t o

d e p e n d . T h e  p r i n -

c i p a l  e f f e c t s  h a v e  b e e n  d i s c u s s e d  a t  length i n  T r o y  a n d  J o h n s o n  (1982)*

.  ( 1 9 8 2 ) ,  M a c L e a n  a n d  A y r e s  ( 1 9 8 2 )  a n d  Everett(1982),  a n dWebbe r  e t  al

will b e  s u m m a r i z e d  h e r e .  I  s e p a r a t e  t h e m  i n t o  t h r e e  m a i n  c a t e g o r i e s  a n d

s e v e r a l  s u b d i v i s i o n s .

1 . A c t i v i t y  d i s t u r b a n c e

2 . G r o s s  h a b i t a t  c h a n g e s

A. G r a v e l

B. Impoundments

(1) v e g e t a t i o n ,  s o i l s ,  and w a t e r  c o v e r

( 2 )  t u n d r a  i n v e r t e b r a t e s

3. L e s s e r  h a b i t a t  o r  phenology  c h a n g e s

A. D u s t

( 1 )  v e g e t a t i o n  snd s o i l s

( 2 )  s n o w  m e l t

( 3 )  t u n d r a  i n v e r t e b r a t e s

B. Snow melt

( 1 )  v e g e t a t i o n  and s o i l s

( 2 )  t u n d r a

1 . A c t i v i t y  D i s t u r b a n c e .

T h e  f i r s t  cztegory

inv~rtebrates

refers t o  t h e  n o i s e  ~nd cc.,mot:c,:~ ::ssociated

w i t h  ro~d u s e ,  a n d  m a y  h a v e  n,.~ative e f f e c t s  o n  n e s t i n g  d, ‘::>iLies of

~p~e b i r d s , e s p e c i a l l y  t h e  larger w a t e r f o w l  znd zvizn prw’  -i.tirs. A t

p r e s e n t  w e  hzve n o  r e a s o n  t o ~xpect any direct effects on .  .~ll:itions o f

t:~::dra i n v e r t e b r a t e s ,  e x c e p t -s these mi~htt be >ltcl ed ~.i’ ‘,eir b i r d

pi-ed~tors  are e x c l u d e d  f r o m  ~i~>s c l o s e  LO the read. Sil-.s in tilis  r e -

p o r t  xe zre I n t e r e s t e d  o n l y  in e f f e c t s  o f  a l t e r e d  pr~y dc:.si ties o n  b i r d

dknsities, w e  czn ignore r o a d  zctivity d:sturb~nce  ~i.f~~ts.

2. G{*CSS Habitat Changes.— . —  ——c ____ ___

A . Grzvel. --–- CoverIng  tundra  with gr=”~el is t h e  rmst obvious

~..,bitat Chzcze obscrvt?d, zl]d <;,e ef~ect i s  e~sily me::zureti,  since the
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c o v e r e d  t u n d r a  i s  Iost a s  b i r d  n e s t i n g  h a b i t a t . E f f e c t s  o n  i n s e c t  p o p u -

l a t i o n s  a r e  s i m i l a r l y  d r a s t i c , b u t  t h e r e  a r e  n o  s e c o n d a r y  e f f e c t s  orI

( t h e  m i s s i n g )  b i r d s  a r i s i n g  f r o m  t h e  l o s t  i n s e c t s ,  s o  w e  c a n  also ignore

g r a v e l  i n  t h i s  r e p o r t .

B. I m p o u n d m e n t s .  - - - - C h a n g e s  i n  d r a i n a g e  p a t t e r n s  w i l l  h a v e

p r o f o u n d  e f f e c t s  o n  s o i l s , v e g e t a t i o n  a n d  w a t e r  c o v e r  a t  a f f e c t e d  s i t e s ,

a n d  these will a f f ec t  s e v e r a l  a s p e c t s  o f  i n s e c t  e c o l o g y ,  a s  well as

s u i t a b i l i t y  f o r  n e s t i n g  znd f o r a g i n g  b y  d i f f e r e n t  b i r d  s p e c i e s . C o n n o r s

a n d  Risebrough  ( 1 9 7 9 )  r e p o r t e d  s o m e  c h a n g e s  m e a s u r e d  i n  b i r d  u s e  o f  a n

a l t e r e d  d r a i n a g e  s i t e  n e a r  W e s t  R o a d . I n s e c t  s p e c i e s  a t  each p o i n t  w i t h

a l t e r e d  d r a i n a g e  m a y  a l s o  c h a n g e . Fo r  example , t h e  tipulid  f l y  Tipula—.—

arctica i n h a b i t i n g  d r y  h a b i t a t s  (Ma.cLean  e t  a l  1 9 8 2 )  m a y  b e  r e p l a c e d  b y

t h e  tipulid P e d i c i a  hannai  a s  t h e s e  b e c o m e  w e t t e r ,  o r  b y  any o f  s e v e r a l

s p e c i e s  o f  c h i r o n o m i d s  i f  t h e y  b e c o m e  p e r m a n e n t l y  w a t e r  c o v e r e d . W i t h

o r  w i t h o u t  s p e c i e s  c h a n g e s ,  t h e  d e n s i t i e s  o f  larvae may c h a n g e  i n  r e s -

p o n s e  t o  t h e  chznging c o n d i t i o n s  o f  v e g e t a t i o n , m o i s t u r e  a n d  d e t r i t u s

a c c u m u l a t i o n  w h i c h  c a n  r e s u l t  f r o m  d r a i n a g e  c h a n g e s . Phenology  o f  i n -

sect  e m e r g e n c e  might  also be af~ected, by r e t a i n i n g  i c e  c o v e r  o r  c o l d

w a t e r  c o v e r  u n t i l  l a t e r  i n  t h e  s e a s o n . F i n a l l y ,  t h e  a v a i l a b i l i t y  o f

i n s e c t s  t o  s h o r e b i r d  p r e d a t o r s  w i l l  c e r t a i n l y  b e  a f f e c t e d ,  s i n c e  i m -

p o u n d e d  w a t e r s  may e x c e e d  t h e  d e p t h  a t  w h i c h  s h o r e b i r d s  c a n  f o r a g e  (only

a  f e w  c e n t i m e t e r s  for s o m e  s p e c i e s ) . O t h e r , m o r e  d i r e c t  e f f e c t s  o f  i m -

p o u n d m e n t s  o n  b i r d  p o p u l a t i o n s  i n c l u d e  t h e  loss o f  p o t e n t i a l  n e s t  s i t e s

znd t h e  l o s s  o f  f o r a g i n g  zreas f o r  m a n y  s p e c i e s  (longspurs  a n d  s h o r e -

b i r d s )  b u t  t h e  p o t e n t i a l  e n h a n c e m e n t  o f  Yorz%ing  f o r  w a t e r f o w l .

T h e  r o a d  prcbably  a l s o  a f f e c t s  i n s e c t s  znd

t h e  r o a d  o p p o s i t e  t h e  i m p o u n d m e n t ,  s i n c e  t h e  l o s s

c r o s s  ~oine o f  t h e  tundra  nzy zlter ve~etation  snd

C h a n g e s  zre likely to b e  less s e v e r e ,  Y,cwever.

b i r d s  tin t h e  side o f

o f  w a t e r  drz~nzge a-

insect popul~tions.

Road i m p o u n d m e n t s  differ  f r o m  natural ponds  in soie respects.

F i r s t , t h e  f l u c t u a t i o n s  betq,;ecn h i g h  znd l o w  xzter ct,nditiGns  c~n b e

g r e a t e r  w i t h  impcufidments, xhich m a y  drzin efficfe~tly  l:ter i n  t h e  sez-

scn !a:)~n culverts ~re i c e  fr~e end .SPG.J  ::jelt ‘GZS  e.ntied. TY,c co:p?Lete-

ness o f  drzinzge  dc~cnds  o n  t h e  s i z e  znd pl~ceze~t o f  r-czd culverts.

‘l%is  f l u c t u a t i o n  would affect v e g e t a t i o n  z~d i n . s e c t  p;,pulations  in t h e

r~th~r br~~d ‘ldrying  zcne’t arolJnd ‘L’ne r::>r~in o f  t}le i.i:.pol.j~j~.!l..‘-,’nt. Sc-
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c o n d , n a t u r a l  t u n d r a  p o n d s  have usually  r e a c h e d  s t a b l e  c o n d i t i o n s  w i t h

r e s p e c t  t o  v e g e t a t i o n  a n d  i n s e c t  c o m m u n i t i e s ,  a s  w e l l  a s  microtopograph-

ically: m o s t  p o n d s  h a v e  r e l a t i v e l y  n a r r o w ,  s o m e t i m e s  a b r u p t ,  b o r d e r s

w i t h  t h e  adjacenti d r i e r  t u n d r a . I m p o u n d m e n t s  w i l l  r e m a i n  i n  a  s t a t e  o f

flux w i t h  r e s p e c t  t o  t h e s e  c h a r a c t e r i s t i c s  f o r  s e v e r a l  y e a r s  o r  p e r h a p s

d e c a d e s . I n  p a r t i c u l a r , n e w l y  i n u n d a t e d  a r e a s , e v e n  w i t h  s t a b l e  w a t e r

c o n d i t i o n s , c a n n o t  a c q u i r e  s t a b l e  i n s e c t  p o p u l a t i o n s  i n  o n e  o r  t w o  s e a -

s o n s  i f  B u t l e r  e t  a l  ( 1 9 8 0 )  a r e  c o r r e c t  t h a t  t u n d r a  c h i r o n o m i d s  h a v e

l i f e  c y c l e s  l a s t i n g  u p  t o  s e v e n  y e a r s .

Cne  f i n a l  p o i n t  c o n c e r n i n g  i m p o u n d m e n t  e f f e c t s : N o t  a l l  c h a n g e s

i n  b i r d  p o p u l a t i o n s  w i l l  b e  n e g a t i v e . O n  t r a n s e c t s  i n  a  r o a d – i m p o u n d e d

a r e a  n o t  f a r  f r o m  }!est R o a d , C o n n o r s  a n d  Risebrough  (1979)  f o u n d  b r i e f l y

e l e v a t e d  w a t e r f o w l  d e n s i t i e s  i n  e a r l y  J u n e  b u t  m u c h  l o w e r  s h o r e b i r d  d e n -

s i t i e s  t h r o u g h o u t  t h e  “oreeding  s e a s o n . B y  A u g u s t ,  ho’~ever,  t he  a r ea  had

d r a i n e d  c o n s i d e r a b l y  and w a s  m u c h  m o r e  h e a v i l y  u s e d  b y  p o s t - b r e e d i n g  a n d

m i g r a t i n g  s h o r e b i r d s  t h a n  w a s  a  c o n t r o l  a r e a  nezrby. T h e  inpotindment

r e d u c e d  b r e e d i n g  d e n s i t i e s  b u t  p r o v i d e d  a  d e s i r a b l e  late s e a s o n  f o r a g i n g

h a b i t a t .

3. L e s s e r  h a b i t a t  o r  chenology  c h a n g e s .— . . — . . . . —
A. D u s t  aljd B .  S n o w  Kelt. - - - - D u s t  f r o m  gravel  r o a d s ,  settling

o n  t h e  a d j a c e n t  t u n d r a , c a n  a l t e r  s o i l  c h e m i s t r y  and v e g e t a t i o n  ( s e e

E v e r e t t  1 9 8 2 ,  Webber e t  a l  1 9 8 2 ) . S o i l  t e x t u r e  znd c h e m i s t r y  znd p l a n t

p r o d u c t i o n  o f  d e t r i t u s ,  t o g e t h e r  w i t h  w a t e r  c o n t e n t ,  d e t e r m i n e  t h e  en-

vironment  o f  t u n d r a  i n v e r t e b r a t e s  s u c h  a s  ~iipteran larvae. ;.”~y chznges

i57iy a f f e c t  insect ;~opul~tions  b y  a l t e r i n g  insect s p e c i e s  or C(,lsities a t

esch p o i n t .

D u s t  mzy also a?fect sriomelt b y  i n c r e a s i n g  solar h e a t  r.ksorp-

f-:Lion. This c a n  ~l-oduce  ear]jer sno”d inelt in d u s t e d  areas,  =lccclerr~ting

the phcnology  o f  insect ~:~crgence (:<acLezn  et al 1222). I n  ‘<~ w o f

\ Holmes’ (1966a, l~66b)  ar~ument that s h o r e b i r d  nesting phcnol~:y i s  de-

L-Lerrn ined b y  t,he n,s,sd f o r  er. erging :dult in.s,?cts upon ,fi.’nich c’r, ic’(s can

~eed 1 zDy c h a n g e s  in Tcze ct phcnolosy  fni~i!t a l t e r ?>Ird  pro:~ticl:vity.

~G”:ever,  b i r d s  u s u a l l y  occupy  early sncw melt are%s before l~:t.(;r sncw

melt zreas, a n d  this alone rzy s y n c h r o n i z e  b i r d  and ifizect ph,c::clc2ies.

~r.other effe?t o f  rr,zds nzy p a r t i a l l y  offset t h e ,;>r~y SriO};’n[2~t  C;,l)scd
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b y  d u s t . The  road  can  ac t  a s  a  snow f ence , r e s u l t i n g  i n  d e e p e r  a c c u m u -

l a t i o n  o f  s n o w  n e a r  t h e  r o a d , w h e r e  d u s t  i s  a l s o  g r e a t e s t . D a t e  o f  coin-

plete s n o w  m e l t  m i g h t  r e m a i n  r e l a t i v e l y  u n c h a n g e d ,  t h e r e f o r e ,  a l t h o u g h

a n  i n c r e a s e  i n  l o c a l  m o i s t u r e  m i g h t  b e  t h e  r e s u l t . T h i s  i n  t u r n  c a n  al-”

t e r  c h a r a c t e r i s t i c s  o f  soils, v e g e t a t i o n  a n d  i n s e c t  p o p u l a t i o n s . It is ‘

not p o s s i b l e  t o  p r e d i c t  t h e  n e t  e f f e c t  o n  i n s e c t  a n d  b i r d  p o p u l a t i o n s .

,,.
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v . FOOD AS A FACTOR LIMITING TUNDRA BIRD POPULATIONS.

T h e  q u e s t i o n  o f  w h e t h e r  f o o d  l i m i t s  b i r d  pop~lations h a s  p r o v e n

e x t r e m e l y  d i f f i c u l t  t o  a n s w e r  f o r  a n y  s p e c i e s  i n  s p i t e  o f  c o n s i d e r a b l e

i n t e r e s t  b y  b i o l o g i s t s  f o r  s e v e r a l  d e c a d e s . I n  t h i s  s e c t i o n  I  s h a l l

a t t e m p t  a  b r i e f  r e v i e w  o f  t h i s  q u e s t i o n  a s  i t  a p p l i e s  to t u n d r a  b i r d

p o p u l a t i o n s ,  a n d  w i l l  c o n s i d e r  s o m e  p a r t i c u l a r  c o m p l i c a t i o n s  i m p o s e d  by

t h e  m i g r a t i o n  c y c l e s  o f  a r c t i c  b i r d s . T h e  a i m  o f  t h i s  d i s c u s s i o n  i s  t o

d e v e l o p  t h e  b a c k g r o u n d  for s u g g e s t i n g  s p e c i f i c  s t u d i e s  which would  b e

h e l p f u l  i n  a n a l y z i n g  p o t e n t i a l  e f f e c t s  o f  West Road  on  b i r d  p o p u l a t i o n s .

T h i s  a p p l i e d  o b j e c t i v e , a s  w e l l  a s  t h e  t i m e  c o n s t r a i n t s  i n v o l v e d  i n  p r e -

p a r i n g  t h e  r e p o r t , r e q u i r e  that s o m e  t o p i c s  m u s t  b e  t r e a t e d  s u m m a r i l y ,

d r a w i n g  t h e  m o s t  r e a s o n a b l e  c o n c l u s i o n s  f r o m  p u b l i s h e d  s t u d i e s .

I n  this d i s c u s s i o n  I  u s e  t h e  t e r m !l~imiting f~ctorll t o  mean  a

f a c t o r  w h i c h  e x e r t s  a  d e n s i t y - d e p e n d e n t  i n f l u e n c e  o n  b i r d  p o p u l a t i o n s

s u c h  t h a t  p o p u l a t i o n s  i n c r e a s e  a t  low d e n s i t y  and d e c r e a s e  a t  h i g h  d e n -

s i t y . T h i s  p r o d u c e s  a  f e e d b a c k  loop: a s  b i r d  d e n s i t i e s  i n c r e a s e ,  t h e

l i m i t i n g  factor e x e r t s  a  s t r o n g e r  n e g a t i v e  infIuence,  w h i c h  r e d u c e s  d e n -

s i t i e s . As d e n s i t i e s  d e c r e a s e , t h e  n e g a t i v e  i n f l u e n c e  d e c r e a s e s ,  a n d

p o p u l a t i o n s  i n c r e a s e  a~ain. T h e  n e t  e f f e c t  i s  an e q u i l i b r i u m  d e n s i t y

c o n t r o l l e d  b y  t h e  limii,~ng  f a c t o r .

L a c k  ( 1 9 5 4 )  sum~fiarized  t h e  p r i n c i p a l  r e a s o n s ,  all i n d i r e c t ,  t o

b e l i e v e  t h a t  f o o d  l i m i t s  b i r d  p o p u l a t i o n s  i n  many c a s e s :  F i r s t ,  f e w

a d u l t s  a r e  cbserved  t o  d i e  f r o m  pre(~ation  o r  d i s e a s e ,  t h e  p r i n c i p a l  a l -

t e r n a t e  d e n s i t y – d e p e n d e n t  f a c t o r s  w;.ich m i g h t  limit p o p u l a t i o n s . There

a r e  cxc;~pt~cns t o  t h i s ,  of c o u r s e , Ll~t i t  i s  ~erierally t r u e  of arctic-

breetiing s h o r e b i r d s . S,:c~nd, nzny studfes  h a v e  s;lown  t’nat b i r d s  a r e

r:,~re nu’~,erol~s where f o c a l  i s  Inore  col. mn, and” sG::le ;+rrtic b i r d  d~ta ~’up-

p o r t  thiS, zs d i s c u s s e d  Lelcw. Third, Si)eCieS ,p”~lcre tkley cc,:xist gener-

a l l y  o c c u p y  d i f f e r e n t  food n i c h e s , >;jd ~]i~hes ~re fj-~qu(:~tly  Zarro’;c:r

where close cc)mpetitors  a r e  p r e s e n t  o r  r e s o u r c e s  are less, sl~~gesting

that cof-~pc:.it.ion f o r  fo~:d i s  l:r,port-~nt. Finally, birds o f  r:.=ny cpccies

hzve b e e n  c~.served  fig!~ting f o r  f o o d  (hut t h i s  d~cs n o t  often =PPIY  t o

nes t ing  sh,.rebirds). Schoener  (1$68)  c o n s i d e r e d  ‘~zriztion i n  t e r r i t o r y

s i z e  zmong ~pecies tih~se f o o d  ~c[jrc~s  d i f f e r  i n  k i n d ,  ?c?sity z~d 13is-

tri~.,jf,i~,n, (:c)r-!clu  ding ti:?t tcrritcry  si;.es (;r~d  (ht]-Pf(Jt_I?  flr::c+ng  ,j~n--
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sities) a m o n g  s p e c i e s  v a r y  d e p e n d i n g  o n  f o o d  d i s t r i b u t i o n  i n  t h e  s a m e

w a y  a s  h a s  b e e n  s h o w n  f o r  t e r r i t o r y  s i z e s  w i t h i n  s p e c i e s . B o t h  rela-

tionships s u g g e s t  t h a t  f o o d  r e s o u r c e s  a c t  a s  a  l i m i t i n g  f a c t o r  o n  b i r d

d e n s i t i e s  w i t h i n  a n d  b e t w e e n  s p e c i e s .

P o t e n t i a l  L i m i t i n g  F a c t o r s .

W e  c a n  c o n s i d e r  t h e  f o l l o w i n g  f a c t o r s  a s  p o t e n t i a l l y  l i m i t i n g

a r c t i c  t u n d r a  s h o r e b i r d  p o p u l a t i o n s :

( 1 )  D i s e a s e

( 2 )  H a b i t a t

( 3 )  P r e d a t i o n

( 4 )  F o o d

( 5 )  M i g r a t i o n  a n d  W i n t e r  R e q u i r e m e n t s

I will d i s c u s s  e a c h  o f  t h e s e  b r i e f l y , znd w i l l  p r e s e n t  m y  r e a s o n s  t o

d i s c o u n t  t h e  i m p o r t a n c e  o f  t h e  f i r s t  t h r e e  f a c t o r s . U n d e r  t h e  f o u r t h

f a c t o r , I  w i l l  c o n s i d e r  t h e  p o s s i b l e  m e c h a n i s m s ,  a s  w e l l  a s  t h e  d i f f e r -

e n t  s c a l e s  o f  t i m e  a n d  zrea r e s p o n s e  o f  t u n d r a  b i r d  p o p u l a t i o n s  t o  rood

a s  a  l i m i t i n g  f a c t o r . T h i s  d i s c u s s i o n  mzy s e e m  t o  d i g r e s s  m o r e  Lhzn is

wzrrznted, b u t  I  f o u n d  t h e  p r o c e s s  o f  Yor:flulating  t h i s  d e s c r i p t i o n  u s e -  -

ful i n  c o n s i d e r i n g  h o w  this f a c t o r  migh”t  o p e r a t e  o n  t h e  t u n d r a . D i f f e r -

e n t  s c a l e s  o f  r e s p o n s e  t o  f o o d  l i m i t a t i o n  ?.ay hzve l;uite dif~erent re–

s u i t s  o n  l o c a l  o r  w i d e s p r e a d  b i r d  p o p u l a t i o n  d e n s i t i e s . I  w i l l  c i t e

sori,e s t u d i e s  w h i c h  s u g g e s t  t h a t  t u n d r a  food d o e s  l i m i t  b i r d  p o p u l a t i o n s .

I  w i l l  c o m b i n e  s e v e r a l  p r o c e s s e s  under  lniGr~tion  and w i n t e r  r e q u i r e m e n t s

t o  {:,>nsider t h e  evidence  t h a t  arctic sl,~rebird p o p u l a t i o n s  mzy he l i m i t -

e d  Ly r e s o u r c e s  ;’~ay f r o m  t u n d r a  bre?ding  Srounds. F i n a l l y  I  will s u g -

g e s t  a  m o d e l  w h i c h  m a y  r e c o n c i l e  the secrr :n~ly ccntrzdictory e v i d e n c e

c o n c e r n i n g  L’inter and sc:finer r e s o u r c e  ii!.” tation.

Disc-sse. – – – -  T h i s  czn prcbzbly  Ee l~ismizsed ;s ::n ir.:or:.~nt  C z C -————.

tor, althcu6h p a r a s i t e s  h a v e  been noked tn n>ny s h o r e b i r d s . Zrc(:ding

pnpul~tions n e v e r  a t t a i n  t h e  densiti,~s I;!<ely to prc.ote r a p i d  trcnsmis-

si~n o f  pathcgens,  so t h i s  factor could [.nly  b e  inclllded tiith ( 5 ) ,  .oer-

t2ining t o  t h e  o c c a s i o n a l  conccntrat.ie,rJs ,,f b i r d s  in .<i]~t~r o r in lfii~ra–

tion. E.,ren there, hoxever,  observ~t?o~s  tif dis~~~~-czu~ed  r::ortality  a r e

rare.

:-’:,’oit,~t. _ _ _ _  ~h:~t  Cc:,p(:titicn ~ur ~.~bit~t l~::,its tundra  b~[-d



25

p o p u l a t i o n s  h a s  b e e n  s u g g e s t e d  b y  t w o  r e m o v a l  s t u d i e s  at B a r r o w .  I n

b o t h  Dunlin  (Holmes 1966a)  and Lapland  L o n g s p u r  (Seastedt a n d  M a c L e a n

1 9 7 9 ) ,  t e r r i t o r i e s  f r o m  w h i c h  r e s i d e n t s  w e r e  r e m o v e d  w e r e  q u i c k l y  o c c u -

p i e d  by n e w  d i s p l a y i n g  m a l e s , s u g g e s t i n g  tinat t h e  n e w  m a l e s  h a d  p r e v i -

o u s l y  b e e n  p r e v e n t e d  f r o m  o c c u p y i n g  t e r r i t o r i e s  b y  a  s h o r t a g e  o f  suit-

able h a b i t a t . However , t h e  m a i n  a t t r i b u t e s  p r o v i d e d  b y  h a b i t a t  a r e

f o o d ,  c o v e r  f r o m  p r e d a t i o n ,  especially o f  ne s t s  znd c h i c k s ,  and s p a c e  to

b r e e d  u n m o l e s t e d  by conspecifics a n d  c o m p e t i t o r s . S u c c e s s f u l  b r e e d i n g

hzs b e e n  n o t e d  i n  t u n d r a  s p e c i e s  w h o s e  nesting d e n s i t i e s  v a r y  widely

f r o m  y e a r  t o  y e a r  (Hyers  a n d  F’itelka 1980, C u s t e r  a n d  Pitelka 1977,

Holmes l~66b) o r  f r o m  p l a c e  t o  p l a c e  ( H o l m e s  1970,  S e a s t e d t  a n d  Maclean

1 9 7 9 ) ,  s o  s p a c e  ~ se  i s  p robab ly  no t  l im i t i ng .— N e s t  s i t e s  a r e  a l s o

u n l i k e l y  to l i m i t  d e n s i t i e s , s i n c e  t h e  g r o u n d  n e s t s  o f  s h o r e b i r d s  a n d

longspurs  t y p i c a l l y  o c c u r  i n  s p o t s  xhose  p h y s i c a l  a t t r i b u t e s  a r e  r e p e a t -

e d  f r e q u e n t l y  e v e n  o v e r  s m a l l  d i s t a n c e s  o f  t u n d r a . T h u s , i f  h a b i t a t  i s

l i m i t i n g ,  i t  i s  p r o b a b l y  b e c a u s e  i t  p r o v i d e s  f o o d  o r  c o v e r  f r o m  predz-

tion, a n d  t h e s e  f a c t o r s  a r e  c o n s i d e r e d  s e p a r a t e l y  b e l o w .

P r e d a t i o n . - - - -  Predat,fon  i s  F r e q u e n t l y  i m p o r t a n t ,  a c c o u n t i n g  flor

m o r e  t h a n  h a l f  t h e  e g g s  a n d  y o u n g  lost in  s t ud i e s  o f  Lapland  Longspti,  s

and s h o r e b i r d s  (Jehl 1971 , CljSter  and Pitelka 1977,  seastedt  and Ma,.~,:,. I

1979). Hc”#ever, Jehl ( ] 9 7 1 )  found  n o  e v i d e n c e  t h a t  p r e d a t i o n  acted .S a

d e n s i t y – d e p e n d e n t  f a c t o r . T h i s  rniiy b e  s o  becsuse  mzny  a r c t i c  p r e d a t o r s

t a k e  b i r d  e g g s  a n d  y o u n g  a s  a l t e r n a t e s  t o  t h e i r  m a i n  l e m m i n g  p r e y  (l~;+her

1 9 7 0 ,  Custer a n d  Pitelka 1977). ?redation m a y  a c c o u n t  f o r  s o m e  tempor-

zry b i r d  p o p u l a t i o n  chsnges ( C u s t e r  z!ld  Pitelka 19’/7)  b u t  d o e s  Rot

zppeai- to be t h e  p r i n c i p a l  l i m i t i n g  factor.

Food .—— – - - –  F o o d  i s  a  v e r y  p l a u s i b l e  f a c t o r  l i m i t i n g  t u n d r a  b i r d

d e n s i t i e s ,  2s s u g g e s t e d  b y  pi-eviolJs ~,;l.hors  (}+01.oPs  l?66a, lfacJ.ean

;969)- Irood  might ]i!,Oit pOp;J12tiGI)S ~fl several Eays  d i f f e r i n g  i n  s;;?.e

o f  t i m e  and a r e a  r e s p o n s e ,  as KP1l  ~j in nechsnisrn, b u t  a l l  t h e s e  ‘xays

r e q u i r e  sc.me k i n d  o f  balsnce  betxeen :,\rail,sble p r e y  d e n s i t i e s  :,nd  ncst-

fng b i r d  tiensities. Ccnsidtir  tl-je p:,-sible  SCaleS o f  time response:

( a )  ~ird d e n s i t i e s  zay ,? cljust xithin e a c h  sca::cn t o  ch~n~es fry

prey a v a i l a b i l i t y . Tlnis does n o t  ap:ear t o  b e  t h e  case, s i n c e  n e s t i n g

d e n s i t i e s  are d e t e r m i n e d  a t  i n i t i a t i o n  o f  r - r e s t i n g  i n  J u n e . Subsequtz~t-

ly, ljfiir~dictzble ,:~~~her ~:y dep~-~~.~~ or i~~,-~~~e  ~~,ail,,bility  of :j,_3.-
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sonally v a r i a b l e  p r e y  (MacLean  a n d  Pitelka 1971), w i t h  c o n s e q u e n t  e f-

f e c t s  o n  n e s t i n g  s u c c e s s  and p r o d u c t i v i t y .  N e s t i n g  d e n s i t i e s ,  h o w e v e r ,

d o  n o t  a p p e a r  c a p a b l e  o f  s u d d e n  i n c r e a s e s  a f t e r  m i d - J u n e ,  s i n c e  t h e

b r i e f  s e a s o n  r e q u i r e s  a  f a i r l y  r i g i d  phenology  o f  n e s t i n g . Some n e s t s

f a i l ,  h o w e v e r , a n d  w h i l e  s o m e  s e c o n d  e f f o r t s  o c c u r ,  t h e  t i m e  a v a i l a b l e

f o r  t h e s e  i s  s h o r t , a n d  i n  g e n e r a l  n e s t i n g  d e n s i t i e s  d e c l i n e  d u r i n g  t h e

s e a s o n .

( b )  I n  e a c h  y e a r  b i r d  d e n s i t i e s  m a y  b e  based o n  t h e  a v a i l a b i l i t y

o f  f o o d  d u r i n g  t h e  s a m e  y e a r . T h i s  r e q u i r e s  b i r d s  t o  a s s e s s  f o o d  a v a i l -

a b i l i t y  a t  t h e  b e g i n n i n g  o f  t h e  s u m m e r ,  w h e n ,  along the Eeaufort c o a s t ,

m u c h  o f  t h e  p o t e n t i a l  f o r a g i n g  a r e a  is still i n a c c e s s i b l e  d u e  t o  i c e  a n d

s n o w  c o v e r . F u r t h e r , s o m e  f o o d s  s u c h ss chirono~id larvae often r e m a i n

i n a c c e s s i b l e  b e c a u s e  o f  w a t e r  c o v e r  u~til J u l y  (!;acLean a n d  Pitelka

1 9 7 1 ) . T h u s  f’or  e a r l y  s e t t l i n g  b i r d s s u c h  a s  Ihnlin  and Lapland  Long-

s p u r  t h i s  m e c h a n i s m  s e e m s  u n l i k e l y , b u t  f o r  t h e  later a r r i v i n g  n e s t e r s ,

e s p e c i a l l y  P e c t o r a l  S a n d p i p e r , s u c h  an a s s e s s m e n t  m a y  b e  m o r e  u s e f u l .

P e c t o r a l  S a n d p i p e r  d e n s i t i e s ,  i n  fact, are much  more  va r i ab l e  be tween

years  a t  B a r r o w  t h a n  a r e  these o t h e r  ~pecies (Pitelka 1 9 5 9 ) . A  c o m p a r i -

s o n  o f  i n s e c t  a n d  b i r d  d e n s i t i e s  bet”~~en 196Z end 1963 a t  B a r r o w  s h o w e d  -

a  sharp i n c r e a s e  i n  d e n s i t i e s  o f  tipi)lid l a r v a e  in 1963  a n d  :~n even

sh~rPer i~~cre~se i n  n e s t i n g  dc,qsities of Pecto]-cl S a n d p i p e r ,  a~tilough

Dunlin d e n s i t i e s  r e m a i n e d  consLant(  ijolines 19662).

( c )  B i r d  d e n s i t i e s  m a y  b e  d e t e r m i n e d  e~~n y e a r  b y  p r e y  d e n s i t i e s

i n  the p r e c e d i n g  y e a r ,  p r o b a b l y  throl~;h  chsnges  in b i r d  p r o d u c t i v i t y -

B u t  ;.rc~~cbivity  i n  a  parti,>ular  yez.r is skrorik~?y  .:fFccted kY the pre–

dztor rt~~ime o r  w e a t h e r  wit}-tin that ;+,r and m<:” .:-,ry  widely  from y e a r

t o  y e a r ~or r e a s o n s  o t h e r  than f o o d  d iisitics. .-l’)s  i t  would  be diffi-

cult :,..1” a  c l o s e  correspc,n(;ence  lei;’,:.,, ~ food d; ‘Ly cnd ri~xt yl.ar ncst-

ing~.- {ty t o  b e  m a i n t a i n e d .

(.-l) B i r d  d e n s i t i e s  xay ;-z ;:~:. “  ~d ezch : .1’ t o  “z;cra~er’  p r e y

densit~ s  o v e r  s e v e r a l  yesrs. Z’i,is  r,y be a x{::..l,ted averzge,  Eiving

~r~~tr=,- i-,portznce to some  d e n s i t i e s  “ .212 to 0{’ i ,-5. A.s zn I:xr:’-lple,

yckl-s cc rfiini~lum  f o o d  rj~nsities :-.~y l,c ,,::(~!l r:.~] “::~:>rttint L})Cn riean

de::sii,~::s i n  d e t e r m i n i n g  Iong-tel-m bi,d :C)pUla{.-,  1 c!znsitics,  zs sug-

gested “>y }!iens (1977)  f o r  t h e  ~eneral role o f  “ clogical crur-,!:!]es”  i n

~~r..-q: ~ iflter~pecific ~~,~::p>tif,~z=n.  ~n the })~t}-y. - ,=, ‘::.risble [ l:sc.lrce ~-{-:n-
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d i t i o n s  o f  a r c t i c  t u n d r a ,  I  s u g g e s t  t h a t  n e i t h e r  t h e  lowest n o r  t h e

h i g h e s t  f o o d  a v a i l a b i l i t y  y e a r s  f i g u r e  o v e r w h e l m i n g l y  i n  t h i s  a v e r a g e .

When  food  i s  ex t r eme ly  s ca r ce , a s  i t  w o u l d  b e  i f  w e a t h e r  i n h i b i t s  i n s e c t

h a t c h e s  w h e n  s a n d p i p e r  c h i c k s  d e p e n d  o n  t h i s  f o o d ,  p r o d u c t i v i t y  maY d r o p

t o  n e a r  z e r o . U n d e r  t h e s e  s e v e r e  c o n d i t i o n s ,  p r o d u c t i v i t y  i s  n o t  s e n s i -

t i v e  to n e s t i n g  d e n s i t y ;  i t  i s  e x t r e m e l y  l o w  f o r  all d e n s i t i e s . Simi-

larly, i n  y e a r s  o f  e x t r e m e  f o o d  abundsnce  s u c c e s s  w i l l  b e  h i g h  f o r  a

w i d e  r a n g e  o f  n e s t i n g  d e n s i t i e s . T h u s  t h e  n u m b e r  o f  v e r y  b a d  o r  v e r y

g o o d  y e a r s  m a t t e r s , a n d  i s  m e a s u r e d  b y  a n  zverage,  but  t ’ne degree  o f

b a d n e s s  o r  g o o d n e s s  m a y  have little effect  past s o m e  t h r e s h o l d  levels.

T w o  m e c h a n i s m s  m a y  m a t c h  b i r d  d e n s i t i e s  t o  ‘~averagel~ p r e y  d e n s i -

t i e s :

( 1 )  BY  i n d i v i d u a l  a s s e s s m e n t  o f  h a b i t a t  q u a l i t y .  T h e  m e c h a n i s m

i m p l i e d  h e r e  a g a i n  r e q u i r e s  a s s e s s m e n t  o f  average  or p o t e n t i a l  p r e y  d e n -

s i t i e s  b y  n e s t i n g  b i r d s ,  b u t  n o w  t h e  ~ssessinent is bzsed on c h a r a c t e r i s -

t i c s  o f  h a b i t a t . T h i s  a s s e s s m e n t  c a p a b i l i t y  might b e  g e n e t i c a l l y  c o n -

t r o l l e d ,  s i n c e  i t  c o u l d  b e  u n d e r  s t r o n g  s e l e c t i o n  p r e s s u r e ,  o r  it might

t o  sc:fie e x t e n t  b e  l e a r n e d  b y  bircls w i t h  p r i o r  b r e e d i n g  e x p e r i e n c e .  In

s p e c i e s  w i t h  s o m e  d e g r e e  o f  philopatry  ( s i t e  fait’nfulness: :or example

Dun]in  znd Senipalmated  Szmlpipers: Ho lmes  1956b, S.efi-iel 1971, !iorton

e t  al 1 9 7 5 ) ,  i t  m i g h t  a l s o  depend o n  p r i o r  f’=mili~,rifiy  ‘~ik.h a parti~ul=r

s i t e . O n  a  s m a l l  a r e a  s c a l e ,  Seastedt a n d  !<acLe:=n  (19?!2) found  t h a t

Laplz~d Longspur  t e r r i t o r y  s i z e  xas only  wczkly  correlztr~d inversely

w i t h  i n s e c t  d e n s i t y  w i t h i n  t h e  szme y e a r ,  b u t  ‘,:zs r~(~l-e ~tl I’ncly  c o r r e l -

a t e d  xith a v e r a g e  i n s e c t  d e n s i t i e s  o v e r  seve[-;l  :~car.s. .’1 -Y Su,CCCst Vne

b i r d s  assess the p o t e n t i a l  velue o f  t h e  habi’~t,  -,~d ,. ~ ‘  J’ col~Petition

i n  z~eas o f  good  h~bitat (~nd good  zverage vr ‘t-x;;?r:~.~~ ‘“ ~ct ~bun-

d~ncc) r e s u l t s  i n  s m a l l e r  t e r r i t o r i e s  and hiti}.,r ‘c=I “  lg d e n s i -

t i e s . T:] is sznle  lnech=nis:fl cculd up~rate over ‘ , , .1’ -i If food i s

ulti:-.ztely li~niting, t h i s >~~e~s~:,:nt  ;rjechar)i, :fi ::L “ ~ . - ,d with a

feedhsck  mechsnism  b a s e d  o n  p r o d u c t i v i t y .

( 2 )  Ey chan~es i n  bird prc,ductivity. T: ‘:: ., ;. T..,1  (?GCS  n o t

require :he s=.-le a c t i v e  r o l e  o f  iudivi\3ual  :’ -’-.: !,i:. ., ~.t,i-ly, zre<~s

o f  ~~od foc,d  d e n s i t i e s  prc,duce inl>re young bi~:~s :,:lIj ,-, .-I:IL  in hiGher

d~nsikies  o f  nc:sttng  b i r d s  i n  subseqtient  yezrs. .fi-, e j)-,~~ ::csle o f  t h i s

res~:c:l~e C=;c!;ds ~srtly I;n tije dc6rce o f  p’ni~,:~::{..~ y :f ,  ‘ ;] ~:~ ~:j”!d t!,r~ir
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o f f s p r i n g .  T h i s  f e e d b a c k  m e c h a n i s m  b a s e d  o n  b i r d  p r o d u c t i v i t y  i s  d i s -

c u s s e d  i n  m o r e  d e t a i l  i n  a  s u b s e q u e n t  s e c t i o n .

O v e r  w h a t  s c a l e s  o f  a r e a  response m a y  f o o d  b e  l i m i t i n g  t o  t u n d r a

b i r d  p o p u l a t i o n s ?

( a )  B y  t e r r i t o r y  s i z e  w i t h i n  o n e  s i t e .  O n  t h i s  s m a l l  s c a l e ,

c l i m a t e  i s  f a i r l y  c o n s t a n t  a n d  c o m m u n i t i e s  o f  p r e y  s p e c i e s  a n d  b i r d  s p e -

c i e s  do n o t  v a r y  w i t h i n  s i n g l e  h a b i t a t s , b u t  t e r r i t o r y  s i z e  m a y  b e  a d -

j u s t e d  t o  f o o d  d e n s i t i e s , a s  i n  t h e  Lzpland  L o n g s p u r  exzmple  (Seastedt

a n d  MacLean  1 9 7 9 ) . A t  a n o t h e r  s i t e  w i t h  a  d i f f e r e n t  clinate a n d  d i f f e r -

e n t  c o m m u n i t i e s  o f  p l a n t s ,  i n s e c t s ,  b i r d s ,  p r e d a t o r s ,  e t c . ,  t e r r i t o r y

s i z e  would also b e  a d j u s t e d  t o  p r e y  d e n s i t i e s ,  b u t  o n  a  d i s t i n c t  l o c a l

s c a l e .

( b )  O n  a  scale o f  k i l o m e t e r s . A t  e a c h  s i t e  ( s u c h  a s  B a r r o w  o r

Prudhoe  B a y ) , t h e  m i x  o f  h a b i t a t s  a n d  probsbly  t h e  f o o d  d e n s i t y  w i t h i n

h a b i t a t s  v a r i e s  o v e r  t h i s  s c a l e , as m i c r o c l i m a t e  ( t e m p e r a t u r e  a n d  p r e c i -

p i t a t i o n ) c h a n g e s . A v e r a g e  b i r d  densiLies m a y  v a r y  o v e r  t h i s  s c a l e ,

l i m i t e d  b y  m e a n  f o o d  d e n s i t i e s  o v e r  t h e  s a m e  s c a l e .

( c )  B e t w e e n  s i t e s  ( 1 0 ’ s  o r  100’s  o f  k i l o m e t e r s ) .  O n  t h i s  scale,

t h e r e  may b e  m a j o r  c l i m a t e  d i f f e r e n c e s , b i r d  c o m m u n i t y  cl>znges due to

s p e c i e s  g e o g r a p h i c  d i s t r i b u t i o n s  (,,~hich a~ter the  intra- .~nd i n t e r -

s p e c i f i c  c o m p e t i t i v e  e n v i r o n r n e n t ) , &nd chsnges  in i n s e c t  c o m m u n i t i e s ,

phenology,  a n d  p r e d a t o r  d i s t r i b u t i o n s . T h e s e  f a c t o r s  m a y  a l l  a f f e c t  t h e

r e l a t i o n s h i p  b e t w e e n  f o o d  d e n s i t y  znd b i r d  d e n s i t y  w h e n  w e  c o m p a r e  areas

zs d i s t i n c t  a s  Prudhoe  B a y  a n d  Earrow.

!+olmes  (1970)  m e a s u r e d  Dunlin  l,::sting d e n s i t i e s  zl,d insect d e n s i -

t i e s  a t  B a r r o w  and a t  t h e  KolorDak River i n  t h e  yukon-Ku~k@kwim  Delta.

T h e  c o m p a r i s o n  i s  c o m p l i c a t e d  b y  tiifferences  in  in sec t  cu:,~unit;cs, hab-

itat s t r u c t u r e  and :~henology  a t  tile sites, b“ut ral.ios of ilisect l~rval

dc-rrsitles a t  t u n e  Kolc>nak  R i v e r  si’te to in.sec t  larval dc!lSit’icS Pt 7cl.i’,;W

v a r i e d  bet’~een  1 6  a t  t h e  begir~ning  o f  n e s t i n g  t o  1.6 a t  f l e d g i n g . Dtin-

lin n e s t i n g  d e n s i t i e s  a v e r a g e d  5  ti:ics g r e a t e r  a t  the KoIc,t~’k River-.

The  c o m p a r i s o n  i s  furt]jer  cc::plic;,~>[:d Ly diffcr(:nc,~s  i n  r : l . : - h e r s  o f  ccm-

peting i n s e c t i v o r o u s  birds at the txo s i t e s ,  ‘‘LUt ijOIITICS  t;l-YiC_lJ ..:1 +d that

diffcrerices i n  !)~nlin d e n s i t i e s  ,~.e[,e  r+lzted tO fjiffcrc;]iccs i n  Tood

z~ailability and t h a t  t e r r i t o r i a l i t y  f u n c t i o n s  t o  d i s p e r s e  the b i t - d ;op-

ulstiG:ls ~n r(:ldtif~n  LO ti,(;ir f{;od. At ?:rrc~, };.31::.?S  (?;ffa) r-c c;~d



Dunlin f r o m  t e r r i t o r i e s  b y  s h o o t i n g , and n e w  b i r d s  o c c u p i e d  t h e s e  t e r r i -

t o r i e s  a l m o s t  i m m e d i a t e l y  u p  to 2 0  J u n e . T h i s  s u g g e s t s  c o m p e t i t i o n  f o r

r e s o u r c e s ,  p r o b a b l y  f o o d ,  w i t h  t e r r i t o r i a l i t y  m a i n t a i n i n g  low d e n s i t i e s .

T h e  d a t a  g e n e r a t e d  b y  p r i o r  s t u d i e s  a t  B a r r o w  a n d  Prudhoe  B a y

p e r m i t  a  l i m i t e d  coinparison  o f  b i r d  a n d  p r e y  d e n s i t i e s  a t  t h e s e  c o a s t a l

s i t e s . N o r t o n  ( 1 9 7 5 )  e s t i m a t e d  t o t a l  e n e r g y  c o n s u m p t i o n  o f  t h e  P r u d h o e

B a y  i n s e c t i v o r e  c o m m u n i t y  t o  b e  o n l y  7 5 %  o f  t h e  c o m p a r a b l e  f i g u r e  f o r

B a r r o w  b e c a u s e  o f  lower b i r d  d e n s i t i e s  a t  P r u d h o e  E a y  ( 3  x 105 kcal-

km-2”  yr-l v s . 4  x  1 05  a t  Earrow). M a c L e a n  (1Q82)  compared  t he  ove ra l l
- 2

tipulid b i o m a s s  a t  t h e  t w o  s i t e s  (41.6 mg- m a t  Prurihoe  E a y ,  S 4 . 9  mg-

u l -2 a t  B a r r o w )  and f o u n d  a  s i m i l a r l y  l o w e r  v a l u e  o f  t h i s  i m p o r t a n t  f o o d

i t em a t  Prudhoe  Bay ( 7 6 %  o f  B a r r o w  d e n s i t y ) . T h e s e  v a l u e s ,  b a s e d  o n

o n l y  t w o  o r  m o r e  y e a r s  d o  n o t  a c c o u n t  s u f f i c i e n t l y  ~or t h e  v a r i a b i l i t y

i n  b i r d  a n d  p r e y  d e n s i t i e s  t o  g i v e  m o r e  t h a n  a  h i n t  o f  a  c a u s a l  r e -

l a t i o n s h i p . A s  d a t a  f r o m  a d d i t i o n a l  y e a r s I s t u d y  b e c o m e  available w e

m a y  b e  a b l e  t o  s e e  w h e t h e r  t h i s  r e l a t i o n s h i p  i s  m a i n t a i n e d . O t h e r  p o -

t e n t i a l  f a c t o r s  d i s c u s s e d  above m a y  h a v e  p l a y e d  a  r o l e  i n  p r o d u c i n g  Iow-

e r  P r u d h o e  E a y  b i r d  d e n s i t i e s  ho~evsr.

I n  s u m m a r y ,  f o o d  m a y  l i m i t  t u n d r a  b i r d  n e s t i n g  d e n s i t i e s  o v e r  a  -

w i d e  rznge o f  a r e a  s c a l e s , from i n d i v i d u a l  t e r r i t o r y  s i z e s  to :,~ogr=phic

s i t e s . O n  a  t ime  sca le , i t  i s  m o s t  l i k e l y  t o  o p e r a t e  o n  ‘t=veraze’f d e n -

s i t i e s  o f  i n s e c t s  a n d  b i r d s  o v e r  s e v e r a l  y e a r s  rather t h a n  o n  s h o r t e r

t i m e  s c a l e s . T h e  m e c h a n i s m  o f  l i m i t a t i o n  m i g h t  b e  Ll]rough chan~es  in

b i r d  p r o d u c t i v i t y ,  p e r h a p s  ]:ediated b y  t e r r i t o r i a l  lehavior.

S p e c i e s  D i f f e r e n c e s  i n  llemo~;raphy.

F o r  a  closed s y s t e m  i n v o l v i n g  a  local popul+ion  o f  o n e  or sever-

al s i m i l a r  species, a  p r o d u c t i v i t y  f e e d b a c k  ‘ s y s t e m  .-;rr opr:rate ‘Jery

sinply z~d dir~ctly, znd a :lodel to de;fionstrzte  tiij js :~cv,=]c>p[,d t)P]OW.

This S u g g e s t s  t),e probable  i~t;chafi~sm f o r  food  limit -ii,,n of tijr-,tira b i r d

d e n s i t i e s , znd i s  therfore  a  ‘Jseful excrci.5e, b u t  t:,? ;,ctual si:.u~tion

i n  tp,e srctic is rbde more crT plcx b y  ]n~rked  diffi,r  ‘!i:es l.etxecn species

in derm~raphic  c h a r a c t e r s s u c h  as annual  vzrizbiliLy i n  rlu’’:bcrs at a

s i t e ,  o r  i n d i v i d u a l  philcpatry  ( s i t e  f a i t h f u l n e s s ) . For c x : r . p i e ,  Dl]nlin

,jt:n~jties relqein fairly st~b]e b~t,..een y e a r s  zt ~zrI-c,w, ~nd individljals

tcfld to return &O ~.he S>T-,e, o r  ficJI-Ly Lrcefling ZI-CIS in ~:]h:;C-;ii:!]t SC3–
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s o n s  ( H o l m e s  1 9 6 6 a ) . I f  Dunlins  o n l y  c o m p e t e  for f o o d  i n t r a s p e c i f i c a l -

l y ,  t h e n  i n c r e a s e s  i n  Dunlin  d e n s i t i e s  w i l l  i n c r e a s e  c o m p e t i t i o n .  B u t

P e c t o r a l  S a n d p i p e r s  s h a r e  t h e  s a m e  f o o d  r e s o u r c e s ,  y e t  t h i s  s p e c i e s  i s

much  more  va r i ab l e  in n u m b e r s , a n d  n o t  s t r o n g l y  philopatric (Pitelka

1 9 5 9 ,  !iohnes  1 9 6 6 a ) . Pitelka et”al ( 1 9 7 4 )  c o n s i d e r  t h e  P e c t o r a l  S a n d -

p i p e r  a n  o p p o r t u n i s t i c  s p e c i e s  w h i c h  c h a n g e s  i t s  d i s t r i b u t i o n  b e t w e e n

y e a r s ,  p r o b a b l y  i n  r e s p o n s e  t o  c h a n g i n g  r e s o u r c e  d i s t r i b u t i o n s . Changes

i n  n e s t i n g  d e n s i t y  a t  a  s i t e  m a y  b e  d e t e r m i n e d  b y  r e s o u r c e  c o n d i t i o n s  a t

s i t e s  may f r o m  t h e  o n e  i n  q u e s t i o n ,  ho~ever. T h u s  a  c l o s e d  s y s t e m

t r e a t m e n t  i s  n o t  strictly a p p r o p r i a t e ,  and the  ‘averages”  o f  f o o d  d e n s i -

t y  a n d  b i r d  d e n s i t y  a t  a  s i t e  m u s t  a c c o u n t  f o r  t h e s e  a d d i t i o n a l  f l u c t u a -

t i o n s  d u e  t o  i n d e p e n d e n t l y  c h a n g i n g  c o m p e t i t o r  d e n s i t i e s .

P r o d u c t i v i t y  F e e d b a c k  M o d e l .— — —

C o n s i d e r  a  s i m p l i f i e d  t u n d r a  s y s t e m  i n  w h i c h  b i r d s  p r e y  o n  a  s i n -

g l e  t y p e  o f  f o o d  p r e s e n t  a t  m a x i m u m  d e n s i t y  a t  the b e g i n n i n g  o f  esch

sezson. F o o d  d e n s i t y  i s  p r o g r e s s i v e l y  r e d u c e d  t h r o u g h  t h e  season b y

b i r d  f~raging. A s s u m e  f u r t h e r  t h a t  p r e y  i t e m s  zre u n i f o r m l y  d i s t r i b u t e d

o v e r  a  s i n g l e  c o n t i n u o u s  h a b i t a t .

HacLean ( 1 9 8 0 )  e s t i m a t e d  r a t e s  at which tundra b i r d s  m u s t  obtain

p r e y  dtiring t h e  b r e e d i n g  s e a s o n  t o  m e e t  the n e e d s  o f  s u c c e s s f u l  n e s t i n g .

T h e s e  r~tes v a r y  d e p e n d i n g  o n  a v a i l a b l e  d a i l y  foraging  t i m e ,  s i z e  o f  a d -

u l t  b i r d s , s i z e  o f  p r e y ,  a n d  n e s t i n g  d u t i e s , a n d  rznge f o r  s o m e  common

s p e c i e s f r o m  a b o u t  1 - 1 0  p e r  m i n u t e  f o r  ~.i~rge Tipula carinifrons t o  2 0 -—  .  .  —.— ..—.—

1 0 0  for chironomids. T h u s  t h e r e  i s  a  m:n:murn  p r e y  d e n s i t y ,  P m ,  Lelow

w h i t ’ n  hir-ds cznnot  ga the r  f ood  a t  a  rat? R s u f f i c i e n t  f o r  sI.Ic:cr2ssil.11
m

nestir~. O v e r  t h e  e n t i r e  b r e e d i n g  s e a s o n ,  t h i s  Rm  tr~nslates  i n t o  Fm ,

the ::,1 .:r~um amount o f  f o o d  req~)ircd per ::uccessful n e s t i n g  attc~fpt.

S i n c e  in o u r  Ifiodel all the p r e y  a r e  prr>:nt at t},e be~inn~n~ of ~.}je ::.ea-

s o n ,  z ‘zird n e s t i n g  d e n s i t y  o f  B  r e q u i r e s  at lezst ~n availeble ~rey

density of P = B x Fm . B u t  t h e  b i r d s  c;.n only tzke a frzction  o f  Lhe

tctal .‘,-ey ?r~sent becz~use a  portton  P of tl;e tctal p r e y  ,flcnsity iS
u

IJr)z”rz:’? hle ( d u e  t o  t o p o g r a p h y ,  ve~ctat+.~n, d e p t h ::fid s u b s t r a t e  c!”:T:r;,c-

t e r i s ’ t i c s ) , znd beczuse belcw t h e  p r e y  di,nsity P t’ne fcrsging rate R
m m

neces::zr-y for s u c c e s s f u l  rlest?ng cznnot  be r.aintzir-jed. T h e  il]itisl prey

dcnsi!.y  re.~l;ii-,.d  is th(>!-efure
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Po>Pm+Pu+P, P= BxFm—

P m  a n d  Pu a r e  s e t  b y  f a c t o r s  o f  h a b i t a t  a n d  p h y s i o l o g y ,  s o  for

a n y  d e n s i t y  pot t h e r e  i s  a  m a x i m u m  g w h i c h  p e r m i t s  s u c c e s s f u l  neSting.

If B is below t h i s  m a x i m u m , a l l  b i r d s  c a n  g a t h e r  t h e  r e q u i r e d  f o o d  Fm

f o r  s u c c e s s f u l  n e s t i n g , a n d  b i r d  p r o d u c t i v i t y  i s  h i g h . T h e  p o p u l a t i o n

d e n s i t y  B  t h e r e f o r e  increzses i n  s u c c e e d i n g  s e a s o n s . A s  B  i n c r e a s e s  b e -

y o n d  t h e  l i m i t  P  s e t  b y  P .  =  P m  + Pu  + p, then Fm m u s t  d e c r e a s e ,  a n d

p r o d u c t i v i t y  d r o p s . I n  sticceeding  sezsons B  d e c r e a s e s  u n t i l  b i r d s  c a n

~gain g a t h e r  Fm, a n d  p r o d u c t i v i t y  t h e  increeses. T h u s  t h e  f e e d b a c k  l o o p

b a s e d  o n  f o o d  l i m i t i n g  n e s t i n g  d e n s i t y  i s  c o m p l e t e . I n  f a c t ,  productiv-

ity may a d j u s t  o v e r  a  r a n g e  o f  v a l u e s  f r o m  v e r y  low ( z e r o )  t o  verY highs

d e p e n d i n g  o n  h o w  c l o s e l y  P . a n d  B  c o r r e s p o n d  e a c h  s e a s o n .

T h i s  s i m p l e  v i e w  a l l o w s  s o m e  o b v i o u s  c o r r e c t i o n s  t o  o u r  a s s u m p -

t i o n s . F i r s t ,  s i n c e  p r e y  p o p u l a t i o n s  v a r y  c o n s i d e r a b l y  f r o m  y e a r  t o

y e a r  (as d o  o t h e r  n o n - f o o d  f a c t o r s  w h i c h  a f f e c t  p r o d u c t i v i t y )  t h e  p r o -

d u c t i v i t y – b a s e d  f e e d b a c k  w i l l  n o t  o p e r a t e  .sli!oothly  f r o m  y e a r  t o  y e a r .

Eowever, i f  b i r d  d e n s i t i e s  a r e  below o r  above t h e  l i m i t s  s e t  b y  average

p r e y  d e n s i t i e s  o v e r  s e v e r a l  y e a r s , t h e  ch>!~~~s  i n  p r o d u c t i v i t y  s h o u l d

g r a d u a l l y  a c c u m u l a t e  t o  alter t h e  r e s u l t a n t  b i r d  d e n s i t i e s .

S e c o n d , s i n c e  f o o d  d e n s i t i e s  a r e  r,t~~.1“=- u n i f o r m  o v e r  a l l  a r e a s ,  tie

c a n  c o n s i d e r  t h e  e f f e c t s  o f  a  model w i th  flood c o n t a i n e d  i n  m a n y  e q u a l

d i s c r e t e  p a t c h e s . I n s t e a d  o f  g r a d u a l l y  retiijcing p r e y  d e n s i t y  t h r o u g h

the sezson, t h e  e f f e c t  o f  fora~ing wi l l  be  to r e d u c e  t h e  n u m b e r  a n d

d e n s i t y  o f  p a t c h e s .  Fm, the t o t a l  f o o d  I;~~ ;. d  f o r  s u c c e s s f u l  breedit??,

rtquires t h a t  e a c h  n e s t i n g  atte!~pt a c q u i r e  a cer-tain nu::jber n  o f  pstc;~-

e s . Eelow a  m i n i m u m  patch dens i t y  p[n, :se~i-,:h  ti[rie t o  l o c a t e  a  patch

h’o(Jld be too g r e a t  for successful  ncstin~, “a t}lis patchy mc~c!el is 71 t-

C;c’us to t’r;e p r e y  itc.m model,  wit-h  pztch I“ v::!tjf  treated aS p r e y  it~:,l

density: Po2Pm+P1 ~iih p  (the ~:~c’h  ~ :.sity above mini~u!fl p m  re-

cil]ired for successful n~stil]g) d e p e n d e n t  Ij;.:.jn the d e n s i t y  o f  furzzing

5;1-(ss. s o , w i t h  ei~her a uni~orrn  or a  [.-A,.}.; ::.rey, the i n i t i a l  food

d,:nsity deterrli:~es  tl-,e b i r d  nestil)g  L,:nsii.y ~~~,.h .~i 11 be SU12C:; SSfUl,

zr,d  zv~rsge b i r d  p o p u l a t i o n  defisit.y ~dji:~k~ to z;erzge p r e y  dc:lsity Ly

rk.>nses i n  p r o d u c t i v i t y .
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M i g r a t i o n  and w i n t e r  r e q u i r e m e n t s . – – – -  T h e  f i n a l  c a t e g o r y  o f

p o t e n t i a l  l i m i t i n g  f a c t o r s  i n c l u d e s  t h e  h a z a r d s  a n d  r e q u i r e m e n t s  o f  mig-

r a t i o n  a n d  w i n t e r i n g  g r o u n d s .  S o m e  o f  t h e s e  ( e . g .  w e a t h e r )  maY b e  r e s-

p o n s i b l e  f o r  c o n s i d e r a b l e  b i r d  m o r t a l i t y  a n d  m a y  d e p r e s s  b i r d  p o p u l a -

t i o n s  below t h e  n e s t i n g  d e n s i t i e s  w h i c h  p r o d u c e  f o o d  l i m i t a t i o n ,  b u t  a r e

n o t  d e n s i t y - d e p e n d e n t  a n d  c a n n o t  b e  c o n s i d e r e d  t h e  f a c t o r s  l i m i t i n g  pop-

ulations o v e r  t h e  l o n g  ‘ t e r m . However , d i s e a s e ,  p r e d a t i o n  o r  f o o d  o n

w i n t e r i n g  g r o u n d s  o r  d u r i n g  m i g r a t i o n  m a y  l i m i t  p o p u l a t i o n s  t o  a v e r a g e

s i z e s  b e l o w  t h e  f o o d – l i m i t e d  c a r r y i n g  c a p a c i t y  o f  t u n d r a  n e s t i n g  a r e a s .

T h e s e  p o p u l a t i o n s  mi~ht t h e n  s h o w  e f f e c t s  o f  t u n d r a  f o o d  s h o r t a g e  i n

o n l y  v e r y  p o o r  y e a r s . C h a n g e s  o v e r  t h e  u p p e r  rznge  o f  t u n d r a  f o o d  d e n -

s i t i e s  w o u l d  have little or n o  e f f e c t  o n  a v e r a g e  b i r d  d e n s i t i e s .

H o l m e s  a n d  Pitelka ( 1 9 6 8 )  f o u n d  b r o a d  d i e t  o v e r l a p  d u r i n g  m u c h  o f

t h e  s u m m e r  a m o n g  f o u r  c o n g e n e r i c  s a n d p i p e r  s p e c i e s  b r e e d i n g  a t  B a r r o w

a n d  w a r n e d  t h a t  comp,?tition a m o n g  s a n d p i p e r s  m a y  b e  m o r e  s e v e r e  o n  w i n -

t e r i n g  g r o u n d s ,  w h e r e  t h e  e v o l v e d  d i f f e r e n c e s  i n  b i l l  m o r p h o l o g y  result

i n  m o r e  d i s t i n c t  e c o l o g i c a l  s e g r e g a t i o n . Baker ( 1 9 7 7 )  f o u n d  c l o s e  s i m i -

l a r i t y  i n  s u m m e r  p r e y  s i z e  a n d  d i e t s  o f  t e n  s h o r e b i r d s  b r e e d i n g  n e a r

C h u r c h i l l ,  M a n i t o b a  and c o n c l u d e d  t h i s  i n d i c a t e d  r e l a x e d  c o m p e t i t i o n  i n  -

t h e  p r e s e n c e  o f  a b u n d a n t  r e s o u r c e s . T h i s  w o u l d  a r g u e  a g a i n s t  f o o d  l i m i -

t a t i o n  i n  s u m m e r . I n  c o n t r a s t , s e v e r a l  s t u d i e s  have f o u n d  d i s t i n c t  f o r -

a g i n g  h a b i t s ,  habitzts a n d  d i e t s  a m o n g  w i n t e r i n g  s h o r e b i r d s  (Recher

1 9 6 6 ,  C o u c h  1 9 6 6 ,  Baker and Baker 1 9 7 3 ) . ‘hker and Eaker ( 1 9 7 3 )  b e l i e v e

t h i s  i n d i c a t e s  great~r c o m p e t i t i o n  f o r  f o o d  i n  w i n t e r ,  a n d  suggest t h a t

food i s  nore l i k e l y !.o b e  l i m i t i n g  i n  w i n t e r  t h a n  i n  sul;:ner. T h e i r  ar-

guments a r e  q u i t e  pl~usible, b u t  t h e  p r o b l e m  o f  p o p u l a t i o n  c o n t r o l  i n

s p e c i e s  u n d e r g o i n g  such  se~’ere  s h i f t s  i n  l o c a t i o n ,  h a b i t a t s ,  d i e t s  a n d

co~,=unity  relationskjps  s e v e r a l  t i m e s  each ~~;ir i s ,~~trefiely cc,:fiplex.

;Jone  o f  t h e s e  zuthors  h~s  proposed  a  w a y  o f  recc.~ciling these zppzrently

c o n t r a d i c t o r y  r e s u l t s s u g g e s t i n g  r e s o u r c e  l i m i t a t i o n  on b o t h  suz.ner  znd

w i n t e r  g r o u n d s .
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o p e r a t i n g  o n  b o t h  s u m m e r  and win t e r  grouflds  s t e m s  f r o m  a  s i m p l i f i e d  view

o f  t h e s e  s i t u a t i o n s  a s  r e p r e s e n t i n g  t h e  s a m e ,  c l o s e d  p o p u l a t i o n  u n i t .

I f  all b i r d s  o f  s p e c i e s  A  n e s t  a t  o n e  d e n s i t y  s e t  b y  a  r e s o u r c e  l i m i t a -

t i o n  f a c t o r  L F s  o n  t h e  s u m m e r  t u n d r a  a n d  a l l  b i r d s  w i n t e r  a t  o n e  d e n s i t y

s e t  b y  a  r e s o u r c e  l i m i t a t i o n  f a c t o r  L FW o n  w i n t e r  g r o u n d s ,  b o t h  f a c t o r s

c a n  b e  controlling  p o p u l a t i o n s  only w h e n  t h e  m e a n  d e n s i t i e s  s e t  b y  L F s

znd LFW c o r r e s p o n d . If w i n t e r  p o p u l a t i o n s  a r e  c o n t r o l l e d  b y  L FW  a t  a

l e v e l  below t h e  p o p u l a t i o n  d e n s i t i e s  p e r m i t t e d  b y  L F s ,  t h e n  L F s  h a s  n o

e f f e c t ; sl~l~mer d e n s i t i e s  c a n  n e v e r  i n c r e a s e  t o  t h e i r  p e r m i t t e d  l i m i t  s e t

b y  the su]:mer r e s o u r c e  b e c a u s e  L FW l i m i t s  t h e  p o p u l a t i o n  b e l o w  t h i s

s i z e .

In f a c t  d e n s i t i e s  o f  e a c h  s p e c i e s  v a r y  t h r o u g h o u t  i t s  r a n g e  o n

surr~mer  a n d  w i n t e r  g r o u n d s ,  a s  w e l l  a s  i n  m i g r a t i o n . I f  local p o p u l a -

t i o n s  m o v e  b e t w e e n  s e a s o n s  a s  constsnt  s u b p o p u l a t i o n s ,  b r e e d i n g ,  migr=t-

i n g  and w i n t e r i n g  t o g e t h e r , t h e  q u a n d a r y  m i g h t  s t i l l  e x i s t . E v i d e n c e  i s

a c c u m u l a t i n g  o f  a  h i g h  d e g r e e  o f  s i t e  f a i t h f u l n e s s  i n  s o m e  s h o r e b i r d s  t o

b r e e d i n g  g r o u n d s  ( H a n d e l ,  p e r s .  comm., H o l m e s  l?66b, Safriel 1971, N o r -

t o n  1975) and t o  w i n t e r  g r o u n d s  ( K e l l y  and Cogswell 1 9 7 9 ,  ];yers et al

1979). H o w e v e r  t h i s  d o e s  n o t  n e c e s s a r i l y  i m p l y  c o n s t a n c y  o f

subpopulations  b e t w e e n  s e a s o n s . A n  a l t e r n a t e  m o d e l  h a s  i n d i v i d u a l s  ~,om

o n e  brzeding  g r o u p  d i s p e r s e  o v e r  a  w i d e  rsnge of winter grotinds, a n d

v i c e  v e r s a . A  b a n d i n g  s t u d y  o f  Black T u r n s t o n e s  n e s t i n g  o n  t h e

Ytikon-Kuskokwim  d e l t a  a n d  w i n t e r i n g  i n  C a l i f o r n i a  s u g g e s t s  t h a t  t h i s  !;,ay

be the c a s e , ( H a n d e l ,  pers. comm.). I n  t h i s  c a s e ,  l o c a l  b r e e d i n g

;~p)Jlatio:-ls  may o c c u r  at widely  d i f f e r e n t  d e n s i t i e s  ,ad.jl!sted t o  10cal

,-es.ource ]~mitatiens, b u t  t h e s e  p o p u l a t i o n s  i n  winter m~y spread  o v e r  a
Ltircsdly ovcrlzpping  rznge, m i x i n g  h’ith m e m b e r s  o f  o t h e r  l o c a l  breedin,;

:,5pi)12ti0fiS. Thus chsnses  in d e n s i t y  a t  o n e ”  l o c a l  bree?~r?g s i t e  will

‘:~-tie v,i-y little effect o n  winter pcp~]l:tion detisities :..;yi::?-re, =Ijd

i:”,er:fure  50 n o t  evoke  a  s t r o n g  r e s p o n s e  frcm zny w i n t e r  l i m i t i n g  fac-
L.~ur. T h e  cperation  o f  local w i n t e r  and suc::,er l i m i t i n g  factGrs are Ii.:-

co\:pled i n  tiiis r,}otjel .

TFjci.e  re:r.iin  the qu,?stions  o f  the ovt:rall mztch o f  dcv.sities :t

EJy liifiiting fsctors, z~d  w h i c h  f a c t o r s  ccntrol pGpulatiun  s i z e  n e s t  c>f

the ti:~e. I t  s!joulcl s t i l l  be t r u e  that i f  the LF’s ope:”ate at d~nsit’c.s

+ c[]rrl?::~r..:.~,.:q ~(, ~j~~ d  at 211 !J!2tXECn ::c:scns, tl,cn ~,nly L’rlc !’.’-’I-e  r~.G-



trictive L F  w i l l  h a v e  i m p o r t a n t  e f f e c t s . C o n s i d e r i n g  a  r a t h e r  d i f f e r e n t

s y s t e m  o f  m i g r a n t  w a r b l e r s  n e s t i n g  i n  n o r t h  t e m p e r a t e  f o r e s t s  a n d  w i n -

t e r i n g  i n  t h e  neotropics, M o r s e  ( 1 9 8 0 )  s u g g e s t s  t h a t  c o m p e n s a t i n g  s h i f t s

i n  p o p u l a t i o n  d e n s i t y ,  d i s t r i b u t i o n  o r  e c o l o g i c a l  r o l e  b y  p o t e n t i a l  c o m -

p e t i t o r s  i n  o n e  s e a s o n  m a y  a r i s e  w h e n  a  s p e c i e s  i s  l i m i t e d  p r i m a r i l y  i n

t h e  o t h e r  s e a s o n . T h i s  w o u l d  t i g h t e n  t h e  c o m p e t i t i v e  e n v i r o n m e n t  f o r

t h e  s p e c i e s  w i t h i n  t h e  p r e v i o u s  n o n - l i m i t e d  s e a s o n .  T h e  r e s u l t a n t  ‘ d y -

n a m i c  e q u i l i b r i u m ”  w o u l d  a c t  t o  e q u i l i b r a t e  t h e  l i m i t a t i o n  e f f e c t s  i n

b o t h  s e a s o n s .

W e  c a n  guess  that there have b e e n  s o m e  s e v e r e  c h a n g e s  i n  c o m p e t i -

t i v e  t u n d r a  s h o r e b i r d  e n v i r o n m e n t s  w i t h i n  t h e  p a s t  t w o  c e n t u r i e s ,  a s

marke t  gunn ing  dec ima ted  popu l a t i ons  o f  Esk imo  Cur l ew ,  l.merican G o l d e n

P l o v e r  a n d  o t h e r s , a n d  a s  v a s t  a r e a s  o f  c o a s t a l  w i n t e r i n g  s h o r e b i r d  h a b -

i t a t  h a v e  b e e n  d r a i n e d  o r  f i l l e d . We do not  know  w h e t h e r  c o m p e n s a t i n g

c h a n g e s  b y  o t h e r  s p e c i e s  h a v e  o p e r a t e d  t o  m a i n t a i n  a  b a l a n c e  b e t w e e n

c o m p e t i t i o n  o n  b r e e d i n g  a n d  w i n t e r i n g  g r o u n d s . l!e d o  k n o w  t h a t  popula-

tions o f  s p e c i e s  s u c h  a s  A m e r i c a n  G o l d e n  P l o v e r  h a v e  r e c o v e r e d  strorr~ly

s i n c e  s h o o t i n g  stoFped, i n d i c a t i n g  t h a t  t h e y  w e r e  n o t  l i m i t e d  b y  r e -

s o u r c e s  i n  sum.ner o r  w i n t e r  d u r i n g  t h e  r e c o v e r y  p e r i o d .

T h e r e  i s  a  way t o  r e c o n c i l e  the op~ration  o f  LFW a n d  l.Fs without

m a t c h i n g  w i n t e r  a n d  s u m m e r  d e n s i t i e s  c l o s e l y . F i g u r e  1  s h o w s  a  h y p o t h e -

t i c a l  r e l a t i o n s h i p  b e t w e e n  the s t r e n g t h  o f  t h e s e  f a c t o r s  a s  f u n c t i o n s  o f

b i r d  d e n s i t i e s . T h e  d e n s i t y  m e a s u r e m e n t s  w o u l d  b e  e x p r e s s e d  as b i r d s

p e r  u n i t  o f  l i m i t i n g  r e s o u r c e ,  adjusted Yor :it:asanal en~~rgy  require-

c~nts. T h i s  i s  neant  t o  relate t h e  seasonal Iimitjng f~cturs t o  e q u i v a -

l e n t ,  b u t  n o t  ~~cessarily equal d e n s i t i e s ,  s o  t h a t  we r;ay compare their

e f f e c t s  betw~en  sezsons.

T h e  effetets o f  L F s  ~nd LFW nzy b e  v~ry diffr,rent. 1.Fs opcrztes

primarily  throush  chzn~es ;n p r o d u c t i v i t y ,  wilile LFW opI:I-ztes pr-j.marily

t“nrough c’nznges i n  s u r v i v a l  o f  m i g r a n t  ~nd willt~rir!g bil’ds. The  ::hape

o f  the LF curves i n  F i g u r e  1  i s  neznt t o  su~~~st t h a t  I-F w has a  l.cwer

slope than L F s , but i s  r i o t  nccessar-ily  line, ?r. ‘he Ic”xei-  slope rfii~ht

=rlse bcczuse  ES foc,d  slJpply p e r  b i r d  d~crezz,~s o n  winter grc~nds,  b i r d s

czn zdjust  b y  ?eedtng  l o n g e r , by ck:,i~Eing hzb<tzts zr,d  prey, o r  by dis-

p:rsiflg to ot’ner  fe~ding zrl:zs. On tree,~ing ~ro~lllds,  nesting  bir-ds  are

ztksc?,~d t o  a  c,:st zite, ancl c~n disFcr>e CJnly at t?;e ccst o f  ~(~’lt ; . r o -.
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SE.ASONAL EQUIVALENT DEIJSITY

F i g u r e  1. H y p o t h e t i c a l  c o m p a r i s o n  o f  1 f:iliting factor  r e s p o n s e s .

ductivity; a~t~rnate p r e y  are f e w ;  and newly ‘r,~tched y o u n g  zre dc~~~dent

on an u n p r e d i c t a b l e  local food s o u r c e . T h u s  if f o o d  s u p p l y  p e r  b i r d

d e c r e a s e s , e f f e c t s  o n  p r o d u c t i v i t y  m a y  b e  sharp.

F i g u r e  1  s u g g e s t s  t h a t  o v e r  a  b r o a d  r:.,~e o f  d e n s i t i e s ,  shurc’oird

pcgulations  msy be l i m i t e d  p r i m a r i l y  by f~cLOi~s  d u r i n g  m i g r a t i o n  ~~d

w i n t e r , b u t  at h i g h  l o c a l  b r e e d i n g  d e n s i t i e s  ( o r  low r e s o u r c e  l e v e l s )

sumer r e s o u r c e s  m a y  b e  m o r e  i m p o r t a n t  l i m i t i n g  f a c t o r s . B i r d s  [night

t h e r e f o r e  e v o l v e  b i l l  morp!lology  a n d  feedin~ :;l.atefiies based o n  “;!rlter

cc~,petition, !,ljt still f a c e  sl~ln~}er li!nitatj[~n  .l~der s o m e  c o n d i t i o n s .

Anothet- way o f  r e c o n c i l i n g  t h e  evid{-i)cc o f  m o r e  severe wirlter

co::petition z,]d of stirxner r?ensities relzted to f o o d  supply depenfis o n

t?,e tiiff?renr;,.s  i n  r-esource  +nviro:,mcntis i n  I. “ .  .’tcr- ~:ld :1.):u;?r. rr. .,.;, ared

:0 the temper;te t i d a l  f l a t  w i n t e r i n g  tireas (.II- 172ny  s;I~rebiI-ds, t.~-le t u n -

d r a  f o o d  supply  i s  e x t r e m e l y  sinple, l a c k i n g  ‘“,e d i v e r s i t y  o f  p r e y  a-

“.’zil>ble o n  winter Srourrds. T h e  g r e a t e r ecg]c,J~c,-+l  se~rc~,:ti~n of

~F-e.l .- . ..  ..!bt  ,:L~~rds in ~.x’>ntc-r (Recher 1266,  FoIxes  svl ;iteli:a 1z68,  :<ltir :.nd
5-!..-j,-.Cr  1 9 7 3 ,  tfl;llcry, pet-s. colr,m.)  mzy r.erely i:flect t h e  gr~:zt~r t;;ver-

sity o f  ~oteniial p r e y  i n  a  corlpctitive e:jvil.;.:~,cnt rcther  tb~n ~ficrcas-

ed wc”-petiti~n ~orr ~,inter- g[cunds. Fa(~,:d ~iih ,:c,~:~etition, s’rior-t-~~ir~s

: ,. , .,. ‘, ~’,rol~’cd  :? v:, riety o f  b i l l  r-,>rp}:(>lc:~ies .,: ,j fot.:z~in:g  ~:.nt)it,.s  !.,:I; .;].se



t h e  d i v e r s e  a n d  r e l a t i v e l y  d e p e n d a b l e  p r e y  b a s e  p e r m i t t e d  t h e m  to spe-

cialize i n  t h i s  w a y . W i t h  a  simple b u t  u n d e p e n d a b l e ,  unpredict~ble PreY

b a s e ,  SUch s p e c i a l i z a t i o n  would  b e  too r i s k y ;  t h e  b e s t  s t r a t e g y  r e q u i r e s

a  g e n e r a l i s t  a p p r o a c h , s o  s p e c i e s  o v e r l a p  b r o a d l y  i n  t h e i r  d i e t s . Food

m a y  b e  l i m i t i n g  o n  t h e  a v e r a g e  o v e r  m a n y  y e a r s  b e c a u s e  o f  i t s  variabil-

ity a n d  u n p r e d i c t a b i l i t y  ( H o l m e s  and Pitelka 1968,  lfacl.e~n ~nd  pitelka

1 9 7 1 ) . I n  y e a r s  o f  g o o d  f o o d  s u p p l y ,  b i r d s  e x p e r i e n c e  verY little c o m-

p e t i t i o n . I n  y e a r s  o f  p o o r  f o o d  s u p p l y ,  c o m p e t i t i o n  may b e  h e a v y ,  b u t  a

narro”~er  n i c h e  b r e a d t h  i s  n o  s o l u t i o n  because all b i r d s  must s e e k  t h e

same  one  o r  a  ?ew k i n d s  o f  p r e y . T h e  nzrrozed  d ie t  averlzp  znong E a r r o w

n e s t i n g  s a n d p i p e r s  i n  l a t e  J u n e  a n d  e a r l y  J u l y  (Eolmes End ?itelka 1968)

i s  t h e n  a  r e s p o n s e  t o  t h e  s l i g h t l y  m o r e  d i v e r s e  p r e y  b.?se d u r i n g  that

p e r i o d ,  rzther t h a n  a n  i n d i c a t i o n  o f  incr~zsed cc-~.petition. In t’his

v iew , c o m p e t i t i o n  i n  t h e  p r e s e n c e  o f  a  d i v e r s e  ‘din:er ~ti-ey ‘cz?e ‘nzs

s h a p e d  t h e  e v o l u t i o n  o f  m o r p h o l o g i c a l  a n d  behzviorsl  d i v e r s i t y  among

s h o r e b i r d s , s u b j e c t  t o  t h e  c o n s t r a i n t s  o f  efficient for.:~ing o n  the sJJn-

mer  i n s e c t  p r e y . T h i s  d o e s  n o t ,  h o w e v e r ,  ?:YPIY ~batj cc:;peti.tlcn i s  ~:<~re

s e v e r e  i n  w i n t e r , o r  t h a t  f o o d  i s  a b u n d a n t  :,!!15 rl~n--liniti:jg  in ::”.-.’~r

( c o n t r a  Bsker znd Bake r  1 9 7 3  a n d  B a k e r  19’(7). Food  SU;?~:CS, ;-:ii:r:: <d—— .

o v e r  s e v e r a l  y e a r s ,  m a y  s t i l l  b e  limitin~ ‘..’-:’;’, ~., .!j~s ‘ :-:”” ‘-’ . ‘~f

s h o r e b i r d s .
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V I . PROPOSED STUDIES

I  h a v e  s e p a r a t e d  t h e  c e n t r a l  q u e s t i o n  o f  w h e t h e r  t h e  W e s t  R o a d

will a l t e r  b i r d  d e n s i t i e s  by a f f e c t i n g  d e n s i t i e s  o f  f o o d s  o n  w h i c h  t h e

b i r d s  d e p e n d  i n t o  t h r e e  m o r e  limited q u e s t i o n s . F i r s t , w h a t  zre t h e

f o o d s  o f  t h e  m o s t  c o m m o n  n e s t i n g  b i r d s  a l o n g  W e s t  R o a d ?  I  b e l i e v e  t h i s

q u e s t i o n  h a s  b e e n  a d e q u a t e l y  a n s w e r e d  b y  p r e v i o u s  s t u d i e s ,  as r e v i e w e d

i n  t h e  f i r s t  s e c t i o n  o f  t h i s  r e p o r t . T h e  d a t a  are m e a g e r  f o r  s o m e  s p e -

c i e s ,  a n d  m o r e o v e r ,  h a v e  b e e n  g a t h e r e d  o v e r  mzny  s e a s o n s  a t  s e v e r a l  zrc-

t i c  t u n d r a  s i t e s ,  b u t  t h e  c o n s i s t e n c y  o f  t h e  r e s u l t s  l e a v e s  l i t t l e  d o u b t

o f  t h e  c e n t r a l  i m p o r t a n c e  o f  l a r v a l  a n d  a d u l t  tipulid a n d  chironomid

f l i e s . T h e s e  a r e  s u p p l e m e n t e d  v a r i o u s l y  a c c o r d i n g  t o  s p e c i e s  a n d  s e a -

s o n s  w i t h  beet~es a n d  o t h e r  i n s e c t s ,  s p i d e r s ,  a n d  p l a n t  m a t e r i a l .

R o a d  E f f e c t s  o n  I n s e c t  P o p u l a t i o n s .

T h e  s e c o n d  q u e s t i o n  t o  consiciet-  is t h a t  o f  t h e  e f f e c t s  o f  t h e

i-cad o n  i n s e c t  p o p u l a t i o n s . A  s t u d y  o f  tipulid  d e n s i t i e s  uzs b e g u n  i n

1 9 8 1  o n  t h e  h’aterflood  P r o j e c t , b u t  w o u l d  n e e d  t o  b e  expar~decl  znd con-

Li.nued  b e f o r e  t h i s  q u e s t i o n  could b e  zn.swered. F i r s t , chircrlo’nid  popu-

lations must a l s o  b e  m o n i t o r e d ,  a t  least w i t h  e m e r g e n c e  t,i-~ps  tio szmple

energing  a d u l t s , znd p r e f e r a b l y  w i t h  t h e  a d d i t i o n  o f  s o m e  benthic s a m p -

l i n g  o f  l a r v a e  a t  p o n d  e d g e s . T h i s  s h o u l d  b e  d o n e  a t  naturally  o c c u r -

r i n g  pcnds as well as at i]fipoundments  czzzed b y  r o a d  const~uction. ltea-

surement  o f  larval p o p u l a t i o n s  at ir.poun~j::,cnt ,?dges i s  esp,;cially impor-

t-~nt b e c a u s e  t h e s e  a r e  d r a s t i c a l l y  a l t e r e d  h a b i t a t s  w h i c h  nay chznge

over many s e a s o n s  until a  stable f l o r a  and f~una are estzhli::}led. Tun-

dra chi:-~nomid s p e c i e s , with l i f e  c y c l e s  ~lf u p  to s e v e n  yc-~rs (?utler  e t

al , 1:80), could n o t  zchieve ztzble pc,pulzticns  i n  Gne zc:.scJq. fi~rd use

of these habitats  m i g h t  c o n t i n u e  t o  d e v e l o p  o v e r  s e v e r a l  jcars.

T h e  m o s t  p r o f o u n d  e f f e c t s  o f  t ’ n e  r-c~d c]n insect po:ll:t.iorrs  w i l l

follo’.J  d i r e c t l y  from any :rOSS }-]zbitzt I:h,;,;I~,os  prc,~[j,2e~- f.lf;~r~~~On o f

drziflzge, r e s u l t i n g  in tc::porary  or p e r t - ; :-

:c n t  ir,pou:ltmcnts  zlcng t h e

rczd, i s  tlie cle~rest ex~:fiple. AS t~iidra i s  u~!:~~!ztccl, t!-,,e ellviron::cnt
. .o f  t u n e r - a  Insect larvae will ch:nge s o  drzsticz lly that s;c(:ics ~c””:pcsi-
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tion, n o t  just d e n s i t i e s ,  w i l l  b e  a l t e r e d .

d r a i n e d  t u n d r a  w i l l  n o t  e m e r g e  u n d e r w a t e r .

a l s o  c h a n g e , and a v a i l a b i l i t y  o f  i n s e c t s  t o

s t r o n g l y  a f f e c t e d . F o r  e x a m p l e ,  a n y  i n s e c t

Tipulid l a r v a e  i n  normallY

Phenology  o f  emergence  may

f o r a g i n g  b i r d s  m a y  b e

larvae b e n e a t h  a  water cOVer

m o r e  t h a n  a  f e w  c e n t i m e t e r s  d e e p  w i l l  b e  u n a v a i l a b l e  to small s h o r e b i r d s

u n l e s s  t h e y  e m e r g e  a n d  a r e  b l o w n  t o  e d g e s  o f  t h e  w a t e r ,  o r  unless the

w a t e r  d r a i n s  o r  d r i e s ,  e x p o s i n g  t h e m  t o  p r e d a t i o n  as t h e  s e a s o n  p r o g r e s -

s e s . G r o s s  h a b i t a t  c h a n g e s  s u c h  a s  i m p o u n d m e n t s  a r e  l i k e l y  t h e r e f o r e  t o

e x e r t  t h e  m o s t  p r o f o u n d  i n f l u e n c e s  o n  b i r d  p o p u l a t i o n s ,  a n d  s h o u l d  b e

m o n i t o r e d  c l o s e l y .

I  a g r e e  i n  g e n e r a l  w i t h  t h e  r e c o m m e n d a t i o n s  f o r  f u r t h e r  study in

MacLean  ( 1 9 8 2 ) :

( a )  T h e  s a m p l i n g  a r r a y  s h o u l d  b e  p l a c e d  c l o s e r  t o  t h e  road:

20m, 50m, 1 5 0 m  a n d  c o n t r o l  s e e m  a p p r o p r i a t e .

( b )  H a b i t a t s  o f  a l l  c o m p a r i s o n  plots  i n  a  s e r i e s  s h o u l d  b e  wre

c l o s e l y  m a t c h e d  b y  m i c r o h a b i t a t  a s  well a s  gene ra l  topo-

g r a p h i c  f e a t u r e s .

( c ) S2mPlin2 should  b e  expsnded,  pre~erably b y  a d d i t i o n  of ‘;t”odY

p l o t s ,  t o  allow a v e r a g i n g  o f  d e n s i t i e s  o v e r  m o r e  o f  tl:e ?:ab-  -

i t a t  v a r i a t i o n .

( d ) S a m p l i n g  s h o u l d  b e  expznded to z?zzure  adu l t  chironGjlid

(midge )  emergence , a s  w e l l  ES t h e i r  l a r v a l  d e n s i t i e s  St ed-

ges o f  i m p o u n d m e n t s  a n d  n a t u r a l  ponds.

S t u d i e s  o f  ir?sect p o p u l a t i o n s  such a s  t h e s e  o r  t h e  s t u d i e s  ~J]-C-

p o s e d  b e l o w  zre ess<ntial to understand=jg  zrIy F o o d - r e l a t e d  e~~;-c:.s  of

V:est  R o a d  o n  shoreb;.rd and longspur  popl]laticns.

F o o d  L i m i t a t i o n  o f  “::rd Fcoulations.—— ..— — — —L.- ..—_— _

T h e  Lhir-d q’.j:.LiGn is t h e  r,ost !ijific,~~t to ~nswer: Cc $ ‘-fid

o p e r a t e  a s  a  ~imiti~:g, factor to turldra Lird ~ j:illztions, ~Uch ~~,~-~~ ~..:.n–

ges i n  insect clensitiies w i l l  ultirr.ztely  czuse c:,:;n~es i n  b i r d  ~?,:ns,i’~::s ?

The ~.Jjd2n{2e  ~r~,:q pr~~.ious  st,~[j:~s, ZS (jj~cl.;:.. ,,d ;:to”de, iS Y2r  fr(’l  “L~-

cl~usi’{e, ~;id ‘Jne i:zce renains c~e of :T,e i“fi~>.f~ i:$>,;  pl Cx i n  Crol(.::i. fi”,jur

zpprczches  mi:ht yield p e r s u a s i v e  evidc~ce wi:.}!~n  t h e  ‘.~.Zterf~(J-’~  L I “ G-.

ject.

. .
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A. C o r r e l a t i o n s  b e t w e e n  bird a n d  i n s e c t  d e n s i t i e s  o v e r  d i f f e r e n t  s i t e s .

M o s t  o f  t h e  i n d i r e c t  e v i d e n c e  f o r  f o o d  l i m i t a t i o n  i n  b i r d  s t u d i e s

h a s  b e e n  o f  t h i s  k i n d . B y  m e a s u r i n g  b i r d  a n d  i n s e c t  d e n s i t i e s  o n  a

large n u m b e r  of plots of c o m p a r a b l e  h a b i t a t ,  a v e r a g e d  o v e r  s e v e r a l

y e a r s ,  w e  p r e d i c t  t h a t  i f  f o o d  i s  l i m i t i n g , a r e a s  o f  h i g h e r  a v e r a g e  f o o d

d e n s i t y  s h o u l d  s u p p o r t  h i g h e r  a v e r a g e  b i r d  d e n s i t y . Tinis a p p r o a c h  w o u l d

r e q u i r e  l a r g e  s a m p l e s . T o  a v e r a g e  d e n s i t i e s  o v e r  t i m e ,  at least f i v e

y e a r s  o f  d a t a  c o l l e c t i o n  w o u l d  b e  n e c e s s a r y .  N u m b e r s  o f  study plots

r e q u i r e d  would  d e p e n d  o n  t h e  r~nge o f  d e n s i t y  values o v e r  all arezs znd

t h e  v a r i a t i o n  i n  d e n s i t y  v a l u e s  o v e r  t i m e , bu t  t en  t o  txenty  c o m p a r i s o n s

o f  p a i r s  o f  s i m i l a r  h a b i t a t  plots, o r  o n e  o r  m o r e  c o r r e l a t i o n  s e r i e s  o f

a t  l e a s t  t e n  p l o t s  o f  s i m i l a r  h a b i t a t  w o u l d  p r o b a b l y  b e  n e c e s s a r y . J u s t

m e a s u r i n g  c h i r o n o m i d  a n d  tipulid e m e r g e n c e  a d e q u a t e l y  ( a t  p e r h a p s  f o r t y

t o  e i g h t y  p o i n t s  p e r  t e n  h a  p l o t )  i n  a t  l e a s t  t w e n t y  p l o t s  f o r  f i v e

y e a r s  w o u l d  be a  f o r m i d a b l e  u n d e r t a k i n g . T h i s  a p p r o a c h  i s  p r o b a b l y  t o o

c o s t l y  f o r  c o n s i d e r a t i o n .

B. C h a n g e s  i n  d e n s i t i e s  o v e r  t i m e  o n  t h e  same s i t e s .

I f  W e s t  R o a d  c a u s e s  changes i n  i n s e c t  d e n s i t i e s ,  znd i n s e c t  d e n -  “

s i t i e s  l i m i t  b i r d  d e n s i t i e s , t h e n  b i r d  d e n s i t i e s  sho[~ld  S?-ICW  c o r r e s p o n d -

i n g  ch=nges, if  we m o n i t o r  b o t h  parzweters  o v e r  s>ny sezsGrIs. T h i s  a p -

p r o a c h  f o l l o w s  t h e  plan o f  1 9 8 1  L’aterflood P r o j e c t  s t u d i e s ,  a n d  h a s  a

s i g n i f i c a n t  advanta~e o v e r  t h e  c o r r e l a t i o n a l  zpproach: s i n c e  d e n s i t i e s

are me;sured  zt t h e  s a m e  s i t e s  esch y e a r ,  znd cc~,pzrisons >re bc;,tieen

y e a r s  ( o r  a v e r a g e s  o f  s e v e r a l  yo;rs)  o n  t h e  sane p l o t s ,  ‘<e avoid pro-

blems of  essuring  e q u i v a l e n c y  o f  hzbitat between  p l o t s . ‘~i!is  redl]ces

b o t h  t}-,e number o f  p l o t s  r e q u i r e d  a n d  the n u m b e r  o f  insect s::mples

spread o v e r  c;ch plot. An G>prcj:riate pl_OtOcOl i!li~ht rwriif.or four plots

(t~o ha c<ch .for ln,sects) o n  birj trajc,>c t s  i n  t’i;e  ccntrol ;Jrca, s i x

plots  on b i r d  t r a n s e c t s  a t  25 m  froiri  i,he  r o a d ,  s i x  p l o t s  on b i r d  tran-

Sf2ctS a t  7 5  m from the rozd, and  s i x  p l o t s  a t  1’/5 m fll-Gi?l the ro;~d.  O n

czeh F~Ot,  tl-2pS could ~,c~sure  i,-!sec t  cv,er~cfjce St four ~<-pzr~te  sites

i n  ezch o f f o u r  h a b i t a t s : (i]-y, :~toist, ‘“’et,  and pG!!d. Trzp sit,-s ‘ti”culd

~-e!:ain  the szme ( o r  adjacent)  e~,ch y’car. T’?]is kc~]ld still r e q u i r e  264

krzps ~onitured  each year f o r ,  ‘?eallyt fi.~’e years  before the road i s

.:.ljilt :::]d fgr f’i,~e ~~~rs  ~~t~r ?-czd I!St? b:cc-.es s’.’.hle. ~,’r:~; j- ‘~ ~. r ?z?r~~r~s
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might also & useful, b u t  n a t u r a l  annual v a r i a t i o n  will reduce  t h e  s e n -

s i t i v i t y  o f  c o m p a r i s o n s . B i r d  n e s t i n g  d e n s i t i e s  w o u l d  n e e d  t o  b e  monit-

ored o n  t h e  s a m e  s c h e d u l e , along  t h e  1 9 8 1  t r a n s e c t  a r r a y ,  o r  p o s s i b l y

zn a b b r e v i a t e d  v e r s i o n  o f  t h a t  a r r a y . B i r d  d e n s i t i e s  w o u l d  b e  m e a s u r e d

o v e r  a  g r e a t e r  n u m b e r  o f  plots, c o r r e s p o n d i n g  t o  t h e  s a m e  d i s t a n c e s  f r o m

t h e  r o a d  a s  w i t h  t h e  i n s e c t  p l o t s . P o s s i b l e  r e s u l t s  o f  t h i s  s t u d y  a r e

t h e s e :

( 1 )  I n s e c t  d e n s i t i e s  a n d  b i r d  d e n s i t i e s  are n o t  m e a s u r a b l y  d i f -

f e r e n t  a f t e r  r o a d  u s e . T h i s  r e s u l t  w o u l d  t e l l  u s  ~othing about wh~ther

f o o d  l i m i t s  b i r d  d e n s i t i e s ,  b u t  i t  w o u l d  y i e l d  t h e  Tzportant  infor~ation

r e g a r d i n g  d e g r e e  o r  level o f  r o a d  u s e  w h i c h  p r o d u c e s  n o  d e t e c t a b l e  e f -

f e c t , .

( 2 )  T r i s e c t  d e n s i t i e s  a n d  b i r d  d e n s i t i e s  b o t h  c h a n g e  i n  t h e  s a m e

d i r e c t i o n . U n l e s s  o b s c u r e d  b y  o t h e r  c o r r e l a t e d  f a c t o r s ,  t h i s  r e s u l t

~ould  y i e l d  s t r o n g  evideace  t h a t  b i r d  d e n s i t i e s  a r e  m a t c h e d  t o ,  a n d  p r e -

s u m a b l y  l i m i t e d  b y ,  f o o d  d e n s i t i e s , I t  w o u l d  a l s o  m e a s u r e  t h e  d e g r e e  o f

t h e s e  c h a n g e s  a s s o c i a t e d  w i t h  a  m e a s u r e d  l e v e l  o f  r o a d  u s e .

( 3 )  Only i n s e c t  d e n s i t i e s  c h a n g e ;  o n l y  b i r d  d e n s i t i e s  change;  o r

b o t h  c h a n g e  i n  o p p o s i t e  d i r e c t i o n s . All t h r e e  r e s u l t s  w o u l d  p r o v i d e

e v i d e n c e  t h a t  b i r d  de’nsfties a r e  n o t  m~tched  to foOd  d e n s i t i e s  o v e r  t h e

measured r a n g e s . TFne :;-,rce r e s u l t s  would  sug~est  diffcl-ent  e f f e c t s  o f

t h e  r o a d  o n  i n s e c t  o r  bird d e n s i t i e s , znd m i g h t  p r o v e  d i f f i c u l t  t o  i n -

t e r p r e t  o r  t o  a p p l y  t o  f u t u r e  s i t u a t i o n s .



t h i s  a p p r o a c h  w o u l d  s t r i k e  d i r e c t l y  a t  t h e  q u e s t i o n  o f  f o o d  l i m i t a t i o n

o f  t u n d r a  b i r d  p o p u l a t i o n s . I t  i s  t h e r e f o r e  a p p e a l i n g  f r o m  t h e  g e n e r a l

point  o f  v i e w ,  p o t e n t i a l l y  p r o v i d i n g  a n  i m p o r t a n t  a n d  b a s i c  u n d e r s t a n d -

i n g  o f  t h e  d y n a m i c s  o f  t u n d r a  e c o s y s t e m s . I t  would p r o v i d e  i n f o r m a t i o n

w h i c h ,  c o u p l e d  w i t h  m e a s u r e m e n t s  of r o a d  e f f e c t s  o n  i n s e c t  p o p u l a t i o n s ,

w o u l d  l e a d  t o  p r e d i c t i o n s  o f  r o a d  e f f e c t s  o n  b i r d  p o p u l a t i o n s .  It w o u l d ,

however , r e q u i r e  m o r e  t o t a l  s a m p l i n g  t h a n  a p p r o a c h  ( 2 )  and w o u l d  n o t  be

a s  e f f i c i e n t l y  d i r e c t e d  t o w a r d  a s s e s s i n g  t h e  i m m e d i a t e  e f f e c t s  o f  lJest

Road. I t  w o u l d  n o t , i n  p a r t i c u l a r , sccount f o r  c h a n g e s  i n  phenology  o f

i n s e c t  e m e r g e n c e  w h i c h  m a y  r e s u l t  f r o m  t h e  r o a d .

r). E f f e c t s  o f  b i r d  d e n s i t y  o n  c h i c k  g r o w t h  r a t e s .

T h i s  e x p e r i m e n t a l  a p p r o a c h  c o u l d  f o c u s  o n  o n e  c e n t r a l  facet o f

t h e  l i m i t a t i o n  q u e s t i o n : S i n c e  t h e  b r e e d i n g  c y c l e  o f  s h o r e b i r d s  i s

tiriied t o  p r o v i d e  a  f o o d  s o u r c e  o f  e m e r g i n g  a d u l t  i n s e c t s  f o r  shfirebird

c h i c k s  ( H o l m e s  1966a, 1966b;  H o l m e s  and Pitelka 1 9 6 8 ) ,  i s  t h i s  the s e n -

s i t i v e ,  l i m i t i n g  s t e p  i n  s h o r e b i r d  p r o d u c t i v i t y ?  Are s h o r e b i r d  d e n -

s i t i e s  s e t  l o c a l l y  b y  f o o d  l i m i t a t i o n s  d u r i n g  t h i s  p e r i o d ? h’olr,es

(1966b)  a r g u e s  t h a t  t h e  t i m e  o f  h a t c h i n g  a n d  e a r l y  growth o f  yol.:ng  s a n d -  -

p i p e r s  ( J u l y )  i s  t h e  t i m e  w h e n  f o o d  s h o r t a g e s  a r e  m o s t  likely to OCCUr

znd have t h e  g r e a t e s t  e f f e c t s  o n  b r e e d i n g  ssrldpipers. I f  the d:nsity  o f

c h i c k s  i s  h i g h  w i t h  r e s p e c t  t o  f o o d  d e n s i t y , w i l l  c h i c k  g r o w t h  rstes a n d

e v e n t u a l  c h i c k  s u r v i v a l  s u f f e r ?

A  s e r i e s  o f  w i r e  e n c l o s u r e s  might b e  s e t  u p  a t  s e v e r a l  sites en-

ccmp=ssing s i m i l a r  h a b i t a t s . L.fter sl-,orebirds h a t c h ,  chi(:~:s c~n he ezs-

ily c~ught  and placed w i t h i n  t h e  e n c l o s u r e s , w i t h  d i f f e r e n t  densities  o f

c h i c k s  i n  d i f f e r e n t  e n c l o s u r e s . I n s e c t  emerg?nce  ~ould b e  noriitored

w i t h i n  each enclcisure,  and chick weisljts Xczsur,?(j czch dzy. ‘ti’e ‘~.ol]ld

l o o k  f o r  a  r e d u c t i o n  o f  g r o w t h  rates at hi~h c’nick dcnsitit:s. 1~ gro!:th

rztes ~~cline a t  d e n s i t i e s  ~hich Inight nzyurally  be rezched  cn Ll)e tl:n-

cira, i t  w o u l d  s u g g e s t  strcngly  that svailable f o o d  for rhicks i s  l i m i t -

i n g  s’~!orebird  de:;,siti[:s  by reo’ljcing  s}”.zrcbi(-d  p]”(>,~’]ctivity  . “r}lis ‘~oll~.d

b e  zn iriportant  result o f St:,neral siLnific~jnce ‘ly.-’hi  c h  kr,.u l-d F,e c;: ‘~re::jI.

valu~ble i n  e~’alczting p o t e n t i a l  e f f e c t s  of ‘n’~:st Road o n  fz::cct ~,~d bird

p~pu12tions.

T h i s  study xc!. ? ld not rc;l]ire L!,e fi.~e ye=rs ur :-j~)re of t~.<s ot?ier
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s t u d i e s  b e c a u s e  it f o c u s e s  o n  a  c e n t r a l  m e c h a n i s m  r a t h e r  t h a n  t h e  r e s -

p o n s e  t o  c h a n g e s  w h i c h  m u s t  b e  averaged  o v e r  s e v e r a l  y e a r s . I t  w o u l d

p r o b a b l y  r e q u i r e  t w o  s h o r t  s e a s o n s  t o  o v e r c o m e  s o m e  p o t e n t i a l  experimen-

tal p r o b l e m s . I n  p a r t i c u l a r , t h e  e n c l o s u r e s  m u s t  n o t  a t t r a c t  i n c r e a s e d

p r e d a t i o n ;  i n  f a c t , it w o u l d  b e  d e s i r a b l e  t o  e l i m i n a t e  p r e d a t i o n  l o s s e s .

E n c l o s u r e s  w o u l d  n e e d  t o  b e  large ( a b o u t  0 . 1  h a ) ,  b u t  c o u l d  b e  c o n s t r u c -

t e d  v e r y  s i m p l y . O t h e r  d e t a i l s  w o u l d  n e e d  t o  b e  w o r k e d  o u t . An alterna-

tive a p p r o a c h  t o  t h i s  e x p e r i m e n t  w o u l d  i n c o r p o r a t e  t h e  p e s t i c i d e  t e c h -

nique of  Approach C, c h a n g i n g  f o o d  d e n s i t i e s  w i t h i n  e n c l o s u r e s  w h i c h

h a v e  t h e  s a m e  c h i c k  d e n s i t i e s .

C o n s i d e r i n g  t h e  t i m e  a n d  e x p e n s e  a s  w e l l  a s  the e x p e c t e d  r e t u r n

i n  u s e f u l  i n f o r m a t i o n ,  I r e c o m m e n d  a  v e r s i o n  o f  A p p r o a c h  D ,  t h e  e n c l o -

s u r e  e x p e r i m e n t , c o u p l e d  w i t h  A p p r o a c h  B, t h e  r e s t r u c t u r e d  m o n i t o r i n g  o f

b i r d  a n d  i n s e c t  p o p u l a t i o n s  o n  plots w h i c h  m i g h t  b e  a f f e c t e d  b y  W e s t

Road. T h e s e  s t u d i e s , c o m b i n e d  with a  t h o r o u g h  lfionitoring o f  e f f ec t s  o f

g r o s s  h a b i t a t  c h a n g e s  ( i n  p a r t i c u l a r  t h e  i m p o u n d m e n t s  a l o n g  t h e  road)

w i l l  a d e q u a t e l y  c o v e r t!le m o s t  i m p o r t a n t  a s p e c t s  o f  W e s t  Road  e f f e c t s  o n

s h o r e b i r d  and longspur  pc’gulations  a c t i n g  t h r o u g h  c h a n g e s  i n  f o o d  r e -

s o u r c e s .
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V I I . APPENDIX: A MORE GENERAL APPROACH TO STUDIES OF ROAD EFFECTS ON

BIRD POPULATIONS

A n  a l t e r n a t e  a p p r o a c h  t o  t h i s  e n t i r e  problem o f  e f f e c t s  o f  r o a d s

m a y  b e  b e y o n d  t h e  s c o p e  o f  Waterflood  p r o j e c t  s t u d i e s  b e c a u s e  i t  focLI.SeS

o n  ro”ad p r o b l e m s  i n  a  g e n e r a l  w a y . W e s t  R o a d  i s  c u r r e n t l y  u n d e r  e x -

t r e m e l y  light u s e . If u s e  r e m a i n s  r e l a t i v e l y  l i g h t ,  a n y  p o t e n t i a l  e f -

f e c t s  o f  r o a d s  will be light a n d  p o s s i b l y  u n d e t e c t a b l e  w i t h i n  the l i m i t s

o f  t i m e  a n d  m o n e y  a v a i l a b l e  f o r  s t u d i e s . T h e  c o n c l u s i o n  o f  n o  s i g n i f i -

c a n t  e f f e c t s  o f  W e s t  R o a d  will be  j u s t i f i ed  and w e l c o m e . I t  w i l l  n o t ,

h o w e v e r , b e  a  g e n e r a l  c o n c l u s i o n  a p p l i c a b l e  t o  o t h e r  rozds a n d  s h o u l d

n e v e r  b e  e x t e n d e d  to r o a d s  w i t h  m a r k e d l y  d i f f e r e n t  l e v e l s  o f  use. T h i s

i s  e s p e c i a l l y  t r u e  b e c a u s e  t h e r e  m a y  b e  c r i t i c a l  o r  t h r e s h o l d  l e v e l s  o f

u s e  o r  a s s o c i a t e d  e f f e c t s  ( f o r  e x a m p l e , d u s t ) ,  w h i c h  a l t e r  t h e  r e l a t i o n -

s h i p  b e t w e e n  t h e  d i s t u r b a n c e  a n d  t h e  e n v i r o n m e n t a l  r e s p o n s e . There may

b e  n o  r e s p o n s e  ( o f  i n s e c t  d e n s i t i e s  o r  b i r d  d e n s i t i e s ,  f o r  e x a m p l e )  be-

low a  c r i t i c a l  d i s t u r b a n c e  l e v e l , b u t  a b o v e  t h a t  level t h e r e  may b e  a

s t r o n g  d e p e n d e n c e  o f  d e n s i t i e s  o n  d e g r e e  o f  d i s t u r b a n c e ,  o r  e v e n  a  c o m -

p l e t e  f a i l u r e  o f  n e s t i n g  s u c c e s s .

I f  in the future  c o n c l u s i o n s  a r e  n e e d e d  with m o r e  ~eneral  zppli-

eability t h a n  t h e  Waterflood  P r o j e c t  ‘Jest R o a d  s t u d i e s  SU:PIY,  a C03-

parison a c r o s s  s e v e r a l  roads  d i f f e r i n g  i n  u s e  levels w o u l d  o f f e r  a  p o -

t e n t i a l l y  p o w e r f u l  a p p r o a c h . S t u d y  p l o t s  w o u l d  b e  e s t a b l i s h e d  and moni-

tored a l o n g  a t  least t h r e e  r o a d s  ( l o w , m e d i u m  and high use) o n  s e c t i o n s

lying in i~el~tica~ dir~ctions  and at s i m i l a r  d i s t a n c e s  frcl the e~ast.

S t u d i e s  m i g h t  then p]-oceed aS with the Katerflood  Frojcct, b u t  a l l  re-

~ults w’nich zu,ggest  r o a d  e f f e c t s  c o u l d  b e  c o m p a r e d  zgain~t a !n~ssure  o f

road u s e . L’e could then p r e d i c t  t ’ n e  respons”e o f  the env!I ,;v,cnt t o  a

proposed  level o f  r~ad u s e ,  and rrri~ht d e t e r m i n e  t.lirt~~hold ‘:’JPIs  o f

these resper;s,?s. T h i s  would p r o v i d e  an extrf;mely IJscf’111  ;.;-edi.ctive and

!:2na~e:fient tool.

T h e  principal  d i f f i c u l t y  in rr!zking  these co~,pzri:c!-s Lci’titen

~i tes i s  t?-]e e~irrin:,tion o f  confouriding  factors which mii~  t (;:<plain ob-

~crved  effects. i’he m o s t  o b v i o u s  o f  these, ‘n’hic”n would  51S zt tl]e k,csrt

o f  m u l t i p l e  s i t e  studies ( b u t  i s  a l s o  r-elevant  to p r e s e n t  ‘.!=tcrflood

‘-~j~ct ~tl;rji<s,,. i s  the dc-pcr]ticnce of al-ost .211 biolc~ie=~  :z+.ors fln
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h a b i t a t . Two approaches

i t a t  f a c t o r  b y  c o m p a r i n g

d i f f e r  i n  t h e  level o f  a

o r  w e  c a n  m a t h e m a t i c a l l y

a r e  p o s s i b l e : W e  c a n  t r y  t o  e l i m i n a t e  t h e  hab-

plots  w h i c h  a r e  i d e n t i c a l  i n  h a b i t a t  b u t  w h i c h

d i s t u r b a n c e  f a c t o r  w h i c h  we a r e  i n v e s t i g a t i n g ,

c o m p a r e  s i t e s  w h i c h  d i f f e r  i n  h a b i t a t  u s i n g

multivariate s t a t i s t i c s  w i t h  e x t e n s i v e  h a b i t a t  m e a s u r e m e n t s . T h e  f i r s t

a p p r o a c h  i s  p r e f e r a b l e  o n l y  i f  w e  c a n  s e l e c t  s e t s  o f  plots w i t h  s u f f i -

c i e n t l y  s i m i l a r  h a b i t a t  m e a s u r e m e n t s  to f e e l  c o n f i d e n t  t h a t  h a b i t a t  d i f -

f e r e n c e s  c o u l d  n o t  e x p l a i n  a n y  o b s e r v e d  t r e n d s . T h e  i n s e c t  d a t a  f r o m

t h e  1 9 8 1  Waterflood  P r o j e c t  w e r e  c o l l e c t e d  a c c o r d i n g  t o  t h i s  d e s i g n ,  b u t

t h e  h a b i t a t  c a t e g o r i e s  xere n o t  sui’~i.ciently  d e t a i l e d ,  zfid  o b s e r v e d

t r e n d s  i n  t h e  d a t a  w e r e  d i s c o u n t e d  a s  a r i s i n g  f r o m  u n i n t e n d e d  d i f f e r e n c -

es  i n  hab i t a t  (MacLean a n d  A y r e s  1 9 8 2 ) .

I n  p r a c t i c e , i t  i s  a l w a y s  d i f f i c u l t  t o  c l o s e l y  m a t c h  t h e  h a b i t a t

o f  s t u d y  plots e s t a b l i s h e d  in differ<nt a r e a s . A  p r o t o c o l  c o u l d  be e s -

t a b l i s h e d ,  h o w e v e r , t o  s e l e c t  plots  on t h e  b a s i s  o f  a  l i m i t e d  s e r i e s  o f

h a b i t a t  ineasurements t o  e l i m i n a t e  major d i f f e r e n c e s . A n a l y t i c a l  t e c h -

n i q u e s  i~ight s u b s e q u e n t l y  b e  zpplfed LO e v a l u a t e  a n d  s u b t r a c t  habitat-

r e l a t e d  t r e n d s  i f  d a t a  s e t s  a r e  lar~e e n o u g h .

T h e s e  c o n s i d e r a t i o n s  a r e ,  of t-curse, a l s o  a p p l i c a b l e  t o  compari-
. .

s o n s  o f  e x p e r i m e n t a l  snd c o n t r o l  ~i-{~s. S i n c e  b i r d  u s e  o f  c o a s t a l  t u n -

d r a  b y  s h o r e b i r d s  a n d  Lapland Lon,;c~;,-s  i s  s o  s t r o n g l y  a s s o c i a t e d  w i t h

h a b i t a t  c h a r a c t e r i s t i c s  ( M y e r s  a n d  ;Titelka 1980,  C o n n o r s  e t  a l  1 9 8 2 ,

T r o y  znd  J o h n s o n  1 9 8 2 ) ,  small difr<,:-.rtces i n  h a b i t a t  b e t w e e n  colnFarison
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i n i t i a l  c o s t . T h e  more f o c u s e d  s t u d i e s  i n i t i a t e d  i n  t h e  f i r s t  s e a s o n

Waterflood P r o j e c t , a n d  t h e  s t u d i e s  s u g g e s t e d  i n  t h i s  r e p o r t ,  w i l l  m o r e

e f f i c i e n t l y  m e e t  t h e  s p e c i f i c  o b j e c t i v e s  o f  d e t e r m i n i n g  t h e  e n v i r o n m e n -

t a l  e f f e c t s  o f  W e s t  R o a d .
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